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I. Inrropvuction. 


It is my purpose to state in the present paper the results of some 
observations and experiments on division of labor among ants, espe- 
cially in relation to size and structural differences of individual 
workers and of classes. These studies have been carried on, with 
interruptions, since September, 1904, chiefly at the Museum of Com- 
parative Zodlogy, at Cambridge, Mass., under the guidance of Dr. 
E. L. Mark, to whom I am deeply grateful for kind and valuable 
assistance, but also in part at several other places, especially in sum- 
mer, viz., at the Marine Biological Laboratory, Woods Hole, Mass., at 
the Biological Laboratory of the Brooklyn Institute of Arts and Sci- 
ences at Cold Spring Harbor, Long Island, at Ogunquit, Maine, and at 
Randolph, N. H. I wish to express my obligations to Dr. W. M. 
Wheeler for help in identifying species and for many suggestions. 


II. Historica. 


Many writers have for a long time maintained that among ants 
there is a division of labor correlated with differences of size and 
structure. While some of this work has been done either by experi- 
ment or observation in the laboratory, or in the field, with this question 
as the main point, much of it has been more or less incidental, the 
student giving attention to this subject only as a side issue of other 
work. 

There are some differences of opinion as to the functions of the 
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different classes. Probably this is largely due to the fact that the 
observations were in many cases made upon different species. There 
are, however, certain facts regarding the existence of classes which 
seem to be established by previous observations. 

Different classes certainly exist in various species of ants; but the 
division into classes is not sharp in all species in which they are 
present. 

Where structural differences are not well defined, there is not a 
sharp distinction in function : For example, classes 1 and 2 of Anomma 
(Savage, 47, p. 5); some species of Eciton (Bates, ’92, p. 355; Belt, ’88, 
p. 357); different sizes of workers other than soldiers in Holcomyrmex 
(Wroughton, ‘92, p. 15); some species of Camponotus (Pricer, 08, 
p. 192). 

In those species where the classes are well defined, the small workers 
are generally admitted to be the real workers. In Anomma they en- 
gage in carrying pupae and prey (Savage, ‘47, pp. 5-11 ; 60, p. 197) ; : 
in Eciton crassicornus and £. vastator, in repairing the nest, and in 
E. hamata and E. mexicana, in marching beside the column (Bates, 
92, p. 362; Belt, ’88, p. 22; Sumichrast, 68, pp. 43-44); in Atta, in 
the charge of the “razzias”’ (Sumichrast, ’68, p. 44) ; in A. serdens, in 
tending queen larvae and leaf-cutting (Forel, 97, p. 331) ; in A. cepha- 
lotes, in leaf-cutting (Forel, 1. c.) ; in A. structor, in carrying in seeds 
(Moggridge, 73, p. 49); in A. fervens, in leaf-cutting (Wheeler, :01°, 
p. 200); in Solenopsis, in‘ constructing covered ways (Rothney, ’89, 
p. 366); in Phetdologeton laboriosus, in being in the open, fighting, 
making covered ways (Rothney, ’89, p. 369) ; in Phetdole megacephala, 
in attacking prey, carrying home prey (Heer, ’62, p. 3); in P. instali- 
lis, in foraging, excavating, caring for the brood, assisting callows to 
emerge (Wheeler, :07>, p. 4) ; in Pheidole in general, in fighting, going 
into the field, feeding the majors (Wheeler, :02, p. 770) ; in Holcomyr- 
mex, in harvesting grain (Wroughton, 92, p. 15); in Gcophylla sma- 
ragdina, in carrying larvae for shuttles (Doflein, :05, p. 502); in 
Camponotus, in fighting outside the nest (Forel, ’74, p. 354) ; in Cam- 
ponotus ligniperdus, C. herculeanus, and C. pubescens, in carrying 
larvae and pupae (Forel, |. c.) ; in Myrmecocystus, in fighting (Esche- 
rich, :06, p. 46); in Formica sanguinea, in all the domestic duties 
(White, ’95, p. 67). : 

In regard to the functions of the large workers, there is evidence 
that they engage in a variety of occupations, but in some cases there 
is a great difference of opinion as to what they do. For example, in 
most species they appear to be for defence, since they are thus reported 
for Anomma (Savage, ‘47, p. 5; ’60, p. 197); Eczton erratica, E. vasta- 
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tor, E. crassicornus (Bates, 92, pp. 355 and 362), Pheidole megacephala 
(Heer, ’62, p. 3), P. pallidula (Forel, ’74, p. 384), P. instabilis (Wheeler, 
:075, p. 4), Pheidole in general (Lubbock, ’77; ’79, p. 69; ’82, p. 20; 
but Wheeler, :02, p. 770, says that in some species of this genus they 
are cowardly), Pogonomyrmex (McCook, ’79, p. 196 ; Wheeler, :0654, p. 
384), Camponotus (Forel, 74, p. 354 ; MeCook, ’76, p. 286; Alcott, ’97; 
Liiderwaldt, :09, p. 311), Formica sanguinea (White, ’95, p. 67), Atta 
(Forel, ’97, p. 331; Wheeler, :079, p. 675; Belt, 88, p. 83), CEcophylla 
(Doflein, :05, p. 502), and Formicoxenus nitidulus (Forel, ’86, p. 132). 
They are said to form arches with their bodies in Anomma (Savage, 
47, p. 5); to march beside the column in Anomma (Savage, |. c. ; ’60, 
p- 197), Eciton drepanophora (Bates, 92, p. 360), £. hamata (Belt, ’88, 
p. 22), and Atta fervens ; to perform some sort of guard duty in Eviton 
mexicana (Sumichrast, 68, pp. 43-44), Pheidole (Reichenbach, ’96, p. 
xcv), Pogonomyrmex (McCook, ’79, p. 196), and especially Colobopsis, 
the wood borers (Forel, 96, p. 486), in which the soldiers close the 
entrance of the nest with their heads and allow no strangers to enter 
(Escherich, :06, p. 46; Forel, ’86, p. 132; :08, p. 83; :05, pp. 453-454; 
Wheeler, :04*, p. 44; :10, pp. 182, 211-212; :06'; Lubbock, ’82) ; to 
attack prey in Anomma (Savage, 47); to cut up prey or seeds in 
Pheidole (Heer, 62; Reichenbach, 96; Wheeler, :02, p. 770; :10, p. 
279; :07, p. 4), Aphaenogaster and Pogonomyrmex (Forel, ’86, p. 132) ; 
to attend to various aspects of building in EHeiton mexicana (Sumi- 
chrast, ’68) and Pheidologeton (Rothney, ’89, p. 369); to care for the 
young in Eciton and Myrmecocystus (Escherich, :06, p. 46) ; to grind 
leaves in Atta cephalotes Forel, ’97, p. 331); to cut grass in Pogono- 
myrmex (McCook, '79, p. 22); to carry seeds in Attu structor (Mog- 
gridge, 73, p. 49); to carry out refuse in Camponotus (Pricer, :08, p. 
192) ; to pull the edges of a leaf together in mending the nest in (Eco- 
phylla (Doflein, :06, p. 506) ; to perform in general the severer duties 
of the colony in Formicoxenus (Forel, ’86, p. 132) and Pogonomyrmex 
(McCook, ’79, p. 22) ; to become repletes in Myrmecocystus (Wheeler, 
:08>, p. 378); to lay eggs in Aphaenogasta fulva (Fielde, :01) and in 
Camponotus (Pricer, :08). 

As examples of difference of opinion held by competent observers 
as to the function of the large workers in the same species, the follow- 
ing may be cited. In Atta they are thought by Bates to be passive 
defenders of the rest of the colony, but Wheeler contends that they 
are aggressive soldiers. In Pheidole generally they are thought by 
Lubbock to be fighters, but Wheeler states that, while in some species 
of this genus they are for defence, in others they are not. 

In certain species there seems to be a third class, which is in size 
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and structure intermediate between these two, while in function it 
sometimes resembles the large and sometimes the small. 

Often the same occupation is seen to belong to one class in one 
species and to another in another species. 

That in general the greater amount of work is done by a few workers 
is the contention of Miss Fielde (:034, p. 621) and of Forel (’74, p. 151). 
Lubbock (’82), working on foraging in Formica fusca, came to the same 
conclusion, but made no study of the relation of activities to size. 
Pricer thinks that in Camponotus it is the medium-sized ants which 
accomplish most, whereas Forel believes that the small ones do the 
most work. But I know of no case where in a given species a large 
number of functions have been studied in relation to class distinctions. 

Therefore without further evidence we are not in a position to state 
definitely the relation of size and form to division of labor. 


III. Potymorpuism or ANTs. 


A. Polymorphism in General. 


In order to study satisfactorily the correlation between polymorphism 
and division of labor, it is necessary to define what is meant by poly- 
morphism. Wheeler (:10, p. 86) says that only those animals properly 
represent the phenomena of polymorphism “in which characteristic 
intraspecific and intrasexual groups of individuals may be recognized, 
or, in simpler language, those species in which one or both of the sexes 
appear under two or more distinct forms.” 

According to Wheeler (see also Wheeler, :07>, p. 85) and to Esche- 
rich (:06, p. 45) polymorphism is commonly supposed to be due to a 
physiological division of labor. 

Though both sexes of ants show some tendency to polymorphism, 
such as is described for males by Wheeler (:04¢), by Forel (: 04°; :04>), 
and by Emery (’86; :06), polymorphism is not common in the male 
sex, and we are not here concerned with that manifestation of it. If, 
however, we confine our attention to the females of a colony of ants, it 
will be found that they are, as a rule, markedly polymorphic, consisting 
of two chief divisions, queens and workers; although in some cases © 
(certain Ponerinae) there are no apparent distinctions between the 
queen and the worker classes, the two forms being connected by indi- 
viduals of an intermediate character (Wheeler, :00*, p. 1; :10, pp. 242- 
243). Wheeler (:00*) feels certain “that forms externally indistin- 
guishable from the workers commonly function as females.” Again, 
he (:03°, p. 6) says of Leptothorax emersoni that many workers ap- 
proach the queens in size, possess ocelli, and probably function as 
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queens. In Leptothorax tuberum, Fletcher (’89) found that workers 
lay eggs. Workers, though very rarely, may even bear vestiges of 
wings (Wheeler, :06°). Emery-(’94, p. 54), too, states that in most 
Ponerinae the workers are only slightly differentiated from the queens, 
and that in several species there are intermediate forms between 
workers and qr-sns. Furthermore, that some species have a wingless 
queen which is . ansitional between the queen and workers. Such a 
queen is also m:ationed by Wheeler (:04°, p. 251). Moreover, the 
head of the normal, winged queens of such ants as have two different 
sorts of workers is almost always less developed than that of the 
largest worker (Camponotus, Pheidologeton, Pheidole, etc.); only sel- 
dom (certain Colobopsis and Cryptocerus) does the head of the queen 
resemble. that of the largest worker in size and form. It furthermore 
appears (Emery, ’94, p. 55) that the degree of development of the 
sexual glands is correlated with the development of the head. 

As a rule, however, egg-laying belongs to the queen, while the 
workers attend to the general needs of the nest, though some workers 
do occasionally lay eggs. In a good many species they seem, according 
to Miss Holliday (:03), to be anatomically if not physiologically adapted 
for this. Indeed, Wheeler (:06%, p. 298) says that when workers are 
well fed, they readily become fertile, and that they can, and often do, 
produce normal young from unfecundated eggs. But if the workers 
may lay eggs, so, on the other hand, according to Wheeler (:03*), “the 
females [Leptothorax Mayr] live almost like the workers, being 
merely somewhat less inclined to work.” But in some cases (e. g. in 
Formica consocians, difficilis, sanguinea, etc.) the queen has so far lost 
her powers of performing the general work of the nest that she is de- 
pendent on the workers of another species to bring up her first brood 
(Wheeler, :04>, p. 359; :04°; :05"; :05; :064, p. 399), and it is doubtful 
whether in some species she alone could found a colony (Wheeler, :05*). 
Again, through becoming parasites, the workers of some species in 
several genera (Anergates, Epoecus, Tomognathus, Sympheidole, Epi- 
pheidole) have secondarily disappeared (Forel, ’96, p. 145; Wheeler, 
04°). 

Nor are the workers of a given species themselves always alike. 
Emery (94), Wheeler (:07>, pp. 53-57; :08%, pp. 44-47; :10, pp. 92- 
99), and Forel (’96, pp. 142 et seq., and :04*) describe several castes of 
females in many species, and these authors would account for the 
great gap between the extreme types of workers in a species by the 
disappearance of intermediate forms (Emery, 94; Wheeler, :08*, pp. 
58-59 ; :10, p. 112; Forel, ’86, p. 132; 96; :04*%, p. 574). On the 
other hand, there are species in which there is still a completely graded 
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series from the smallest to the largest workers (see also Emery, ’96, 
. 97). 
: Occasionally the fertile winged queens (Emery, ’96, p. 399) are of 
different sizes, as, for example, in Camponotus abdominalis F. and C. 
dorylus subsp. confuscus Emery ; and the differences here are parallel 
to those of the workers. Again (Wheeler and McClendon, :03; Wheeler, 
:03>), some species may have two distinct forms of queen without in- 
termediates, and Wheeler (:03°, p. 650) is inclined to believe this due 
to mutation. Moreover, intermediates, though usually abnormal, are 
found between the queen and the largest workers (see also Forel, :04:, 
p. 574; Wasmann, ’90, pp. 301 et seq.; 95; :02; :099, pp. 46, 52, 60, 
et seq.; Viehmeyer, :04; Muckermann, :04; and Wheeler, :01>; :10, 
pp. 406-408). Hence, taking ants as a whole, there is evidence of a 
long series of gradations from the smallest workers to the largest 
queens. 

When there are modifications of workers of the same species, they 
are (Emery, ’96, p. 398), first, modifications of size with but slight 
differences of form of body and mandibles; but on approaching the 
maximum size the form of the mandibles changes rapidly, though by a 
series of gradations. Individuals showing such gradations are difficult 
to get together because of the scarcity of soldiers, and especially of 
forms intermediate between them and the worker-major. There are 
also differences of form and sculpture of the head and other parts of 
the body. According to Forel (’95, p. 143), the large worker may be 
distinguished by its enormous increase in size or by the peculiar form 
of its head or its mandibles, which are suited to breaking seeds, ob- 
structing the nest opening, or fighting, etc. If the head has no such 
adaptation, the ant shows no peculiarities. 

Wasmann (’90, p. 300) says that with differences of size are correlated 
differences of sculpture of separate parts of the body, but especially of 
the back and the head. Emery (:01%; :01°, p. 54, foot-note, and :04, 
pp. 588-589) states that the smallest forms of driver ants, as well as 
of other species of Dorylus, differ in the structure of the head and its 
appendages, even in the number of antennal joints, from the medium- 
sized and small ants, and that these differ from the largest specimens 
in having smaller heads and toothed mandibles. 

It is an interesting fact, as Emery (’94, p. 55) points out, that in the 
Ponerinae, which are considered morphologically as the stem form of 
ants, there is no striking polymorphism of the worker classes (Emery 
knows it only in the case of Melissotarsus). But polymorphism of the 
worker does appear in many genera of all the other groups, and it 
therefore seems that polymorphism among ants has originated polyphy- 
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letically. It is furthermore probable that, since the large workers 
more closely resemble the queen, they are more primitive than the 
small ones. Emery, then, classifies ants according to the condition 
of the workers as follows : 

I. Ants with only large workers. 

II. Ants with large and small workers. 

a. ‘lhe extremes connected by intermediate forms. 
b. The large and small workers without intermediate forms. 

III. Ants with only small workers, which are very different from 
the queen ; due to dropping out of large workers. 

IV. Ants with one kind of workers, which are smaller than the 
queen through increase of size of queen. 

V. Ants from which have disappeared the worker class because of 
parasitism. 

According to this classification, only the species which fall within 
the second group offer more than one form of workers in the same 
species. Hence, I have chosen as examples of workers with extremes 
connected by intermediate forms, two species of Camponotus (C. ameri- 
canus and C. herculeanus pictus). As the only available species in 
this region of the country which falls under the division “large and 
small workers without intermediate forms ” is Pheidole pilifera, I have 
also selected that species. In addition, I succeeded in collecting 
P. vinelandica from New Jersey, and in obtaining P. dentata through 
the kindness of Mr. Carl Hartman of Austin, Texas. 


B. Polymorphism of the Species Studied for Division of Labor. 


1. Camponotus. —In Camponotus the workers form a continuous 
series from the smallest, which have heads much longer than broad, 
to the largest, whose heads are nearly as broad as long. This was 
established for Camponotus americanus by measuring nearly 500 in- 
dividuals, most of which were alive. ‘T'o secure significant and reliable 
results requires the selection of suitable and easily identified points on 
the head and careful attention to the position of the parts during 
measurements. In using the microscope to view the head and to get 
the distance between points in its outline it is especially necessary to 
have the heads of the individuals which are to be compared with one 
another held in the same relative position. It was found practicable 
to do this by pressing the head firmly into a small mass of rather soft 
bees’ wax mounted on a glass slide. Usually the wax thus employed 
held the head in the desired position, but sometimes it was found 
necessary to push the fore feet of the animal also into the wax to 
prevent the ant from pulling its head away. The aim in orienting the 

















BUCKINGHAM. — DIVISION OF LABOR AMONG ANTS. 433 


head was to place it as nearly as possible in a horizontal position for 
the purpose of viewing its dorsal aspect. ‘This was done in the case of 
the transverse axis by placing the head so that the outer margin of the 
two eyes was equally distant from the outline of the adjacent side of 
the head ; in the case of the anterio-posterior axis, by bringing the an- 
terior margin of the clypeus and the posterior margin of the head to 
lie at the same focus. These two points can both be seen distinctly 









































only when the head is in one position. In making the measurements 
I used a Zeiss A* objective so set as to give a magnification of about 
45 diameters at a projection distance of 430 mm. With this arrange- 
ment the whole length of the head of the largest individual could be 
covered by the ocular micrometer, by means of which the measure- 
ments were made. ‘T'o avoid accidental errors measurements were 
taken more than once, and recorded in terms of divisions of ocular 
micrometer. In all cases they were ultimately calculated in millime- 
ters. By “length” is meant the distance measured in a straight line 
in the median plane between the posterior margin of the head and the 
VOL. XLVI. — 28 
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anterior margin of the clypeus; by “breadth” or “ width” is meant 
the distance between the lateral outlines of the head measured along 
a line tangent to the posterior margin of the eyes. 

The first diagram (Figure 1) is a frequency polygon, giving the results 
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Ficure 3. Ficure 4. 


of the measurements of width, Figure 2 that of length, Figure 3 that of 
length multiplied by width, and Figure 4 the ratios found by dividing 
width by length. In constructing the polygons the ants were divided 
into classes. For the length a difference of 0.2 mm. was chosen as the 
basis, the first class containing all individuals in which the length of 
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the head fell between 1.00 mm. and 1.20 mm. ; the second class between 
1.20 and 1.40mm., andso on. The interval adopted for width (Figure 
2) was 0.15 mm. ; that for area 0.6 sq. mm. ; and for ratios 4 per cent of 
length. ‘T’he ordinates show the number of individuals falling within 
each class. None of the resulting “ curves” shows any signs of two or 
more maxima, except that of Figure 2, where the indication is too 
slight to be of significance, so that there is no evidence from these 
measurements that there are well marked classes. When a given 
colony was plotted by itself, the results were substantially like those 
here recorded for the combination of several colonies, and each curve 
was therefore similar. Consequently it seems to me that no objection 
can be raised to combining the results of several colonies, as I have 
here done. 

I have also tried to find evidence of distinct types or classes based on 
other grounds, such as the number of teeth on the mandibles and the 
ratio of the width between the eyes to the width between the insertions 
of the antennae, but with equally small success. 

I next turned my attention to Camponotus herculeanus pictus. 
Here, too, although I did not make such measurements as are described 
above for C. americanus, there seems to be a complete, graded series. 
This fact is easily seen from the Plate, which was made from a series of 
photographs taken with the aid of a microscope. All exhibit the 
animal in the same position and under the same magnification, — about 
9 diameters, — so that they represent accurately variations of size and 
shape. But not relying on this single view of the head, since all the 
parts were not visible in that position, studies were made with the mi- 
croscope from different sides. When necessary in comparing the size 
of the various organs measurements were made by means of the ocular 
micrometer. 

1. The most striking difference (Plate, Figures 2-20) between the 
large and the small worker is that of size, the heads of the large 
workers being not only actually but also relatively larger than those of 
the smaller ones. 

2. Notonly is the head of the larger workers larger, but it is also of a 
somewhat different shape. Thus, while the head of the small worker 
is somewhat longer than broad, the head of the large worker is more 
nearly equal in the two dimensions, or even a little broader than long 
in the largest specimens, thus resembling Camponotus americanus. 
Moreover, the posterior margin of the small heads is convex backward, 
whereas that of the large workers is more nearly straight, or even 
slightly concave backward. It might be more nearly correct to say of the 
latter that it presents a backward convexity of the two ends of the pos- 
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terior margin, probably due to the greater development of the great 
jaw muscles, as in this respect the large worker seems to resemble the 
condition of the soldier in those species where there is a real soldier. 
Moreover, there is another difference in the general shape of the head, in 
that its greatest diameter dorso-ventrally is less in proportion to the 
length of the head in the larger workers ; in other words, the heads of 
the larger workers are somewhat shallower. 

3. In regard to the differences of some of the organs of the head, it 
may be seen at a glance that the length of the antennae relative to the 
size of the head is much less in the larger ants, they being hardly any 
longer by actual measurement than in the smaller ants. ‘The number of 
joints in the antennae seems to be here, as in Camponotus americanus, 
always the same, unlike Dorylus (Emery, :01*). There are, however, 
some differences in the antennal parts. For example, in the smaller ants 
the scape is slightly longer than the width of the head, while in the 
larger individuals it is somewhat shorter. In heads of intermediate 
size the condition is variable ; sometimes the head is wider than the 
length of the scape, sometimes the reverse is true, regardless of the 
size of the head. In the larger ants the funiculus is only slightly 
longer than in the smaller ones, and in proportion to the size of the 
head it is much shorter. In proportion to the length of the scape it is 
shorter in the larger ants. ‘The scape itself is also of a different shape 
in the two extremes ; in the large ants it is larger at the distal end 
than at the proximal end, whereas in the small workers it is nearly 
uniform in thickness throughout its length. 

4. Again, it was found that in the larger ants the compound eyes 
are set slightly further back, as may be seen especially in side view, 
and that they are also somewhat further from the margin of the head. 

5. The clypeus presents a good deal of difference in the two extremes ; 
in the larger ants it is much thinner dorso-ventrally and only slightly 
arched on the dorsal surface, while in the smaller ants the arch becomes 
higher and more angular. Moreover, there is a considerable difference, 
as seen from the dorsal side, in the shape of its outline, which is nearly 
rectangular in the large individuals, and somewhat hexagonal in the 
small. 

6. In the larger workers the frontal carinae (Wheeler, :10, p. 18) are 
slightly farther apart in proportion to the total length of the head. 

7. The mandibles are not very unlike in the two extreme sizes, but 
are, on the whole, more strongly built in the large workers. Ali the 
teeth are fairly large in the large workers, but in the small workers the 
outside ones are the stronger, though the difference in strength is not 
great. 
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§. But in each of these characteristics there is a graded series, so 
that a distinction into classes cannot be made; indeed, it sometimes 
happens that in a single individual of the middle size some characters 
more clearly resemble those of the large workers, while others are more 
like those of the small. ‘These observations tend strongly to confirm 
those made by measurements on Camponotus americanus. They are, so 
far as | am aware, the only observations of the sort made on this genus. 

In order to see how much the queens (Plate, Figure 1) of Camponotus 
pictus differed from the workers in regard to these same structures, | 
made similar observations on them, comparing them with the largest 
workers, which it is evident they more closely resemble than they do 
the small ones. The results follow: 

1. The head of the queen is here somewhat, though not much, 
larger than it is in the largest worker. In regard to its shape, as com- 
pared with that of the worker, it is only slightly broader in proportion 
to its length, about as much as we should expect from its increased 
size. ‘The posterior margin of the head of the queen resembles very 
closely that of the largest worker. The dorso-ventral axis of the head 
is slightly shorter than in that of the worker. 

2. The length of the antennae, in proportion to the size of the head, 
is less in the queen. ‘The antennal joints are of the same number in 
worker and queen. If the length of the scape is compared to the width 
of the head, it is found that in the queen it is hardly, if any, shorter 
than in the large worker. The funiculus of the queen is slightly 
shorter in proportion to the length of the scape. In proportion to the 
size of the head it is also somewhat shorter, being actually of about the 
same length in both forms. ‘The scape in the queen is still thicker at 
the distal end than in the large workers. 

3. The compound eyes are slightly further back than in the large 
worker, and resemble the condition in the small worker more closely in 
being a little nearer the margin than in the large worker. 

4. The clypeus is even flatter in the queen than in the large worker 
and slightly more indented by the cheeks ; the arch is curved in both. 

5. The frontal carinae are slightly further apart in the queen than 
in the large worker. 

6. The mandibles of the queen yery closely resemble those of the 
large worker. 

So far, these characters make it appear as though the queen 
were merely at one end of a long series of females. But in this 
species other characters, such as the more developed ovaries, the pres- 
ence of wings, etc., show that there is a noticeable break between the 
queen and the largest worker. 
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However, in nearly all the differences among the workers of this 
species, it is necessary to observe that there is no break in the series, 
no tendency to form separate classes. There is, rather, a continuous 
variation from one size to the next, forming, as Wheeler (:07°, p. 77) 
says, a series of intermediates between the very large and the very 
small. 

Although one would not expect the duties of classes in this species 
to be as distinct from one another as they are in those polymorphic 
species where there are sharp morphological differences, still it seemed 
possible that polymorphism might be associated with some recognizable 
division of labor. Furthermore, as already stated, it was thought well 
to compare the activities of two forms, in one of which (as in Campono- 
tus americanus and C. pictus) there is a graded series ; and in the other 
(as in certain species of Pheidole) there are dimorphic classes without 
intermediate forms between the large-headed soldiers and the workers 
(Emery, :02, p. 719; Wheeler, :10, p. 559). 


2. Pheidole.— In Pheidole there is, as a rule, no intermediate form 
between the small workers of ordinary proportions and the soldiers 
(Emery, :02, p. 719; Wheeler, :10, p. 559), though such intermediate 
individuals are occasionally found. By “soldier” is meant, according 
to Forel (95, p. 143), merely a large worker which, through complete 
dropping out of the intermediate forms and through adaptation to pre- 
cise functions, has become differentiated from the small worker. It is 
often so different from the worker proper as to be taken for another 
species. In some species, as Ponera edouardi, there are, indeed, two 
forms of soldier (Forel, 95, p. 145). In Pheidole, however, there is 
only one. The differences between the heads of the soldier (Plate, 
Figure 22) and the worker (Figure 23) of Pheidole pilifera may be 
described as follows: 

1. A great difference in the size of the head, that of the soldier 
being much larger, not only actually, in correspondence with its larger 
body, but even relatively ; it isso heavy and clumsy, that it is held 
bent downward at a much greater angle than that of the small worker. 

The thickness of the heads measured dorso-ventrally does not differ 
materially. When the dorsal surface of the head is examined, however, 
it is found that the proportions of its outline are quite different ; it is 
nearly square in the small workers, and quite oblong in the soldiers. 
The posterior margin is only slightly cordate in the small ants ; but in 
the soldiers it is deeply indented in the centre, where ends a median 
dorsal groove, which begins about the middle of the head. This groove 
lies between the muscles of the mandibles, which cause a pair of longi- 
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tudinal mounds ; these are wanting in the small workers. The head 
of the soldier is much redder, except for the black eyes and the dark 
regions around the mouth. It is also covered with stronger ridges of 
chitin and is more pubescent. 

2. The antennae are, relatively to the whole head, much longer in 
the small ants. ‘The number of joints is the same for both classes, but 
in the small ants the three distal joints are larger than in the soldiers. 
The scapes are in form very similar in the two castes, but are relatively 
shorter in the soldier. The funiculus, although actually slightly shorter, 
is, in proportion to the size of the head, much longer in the small 
workers. 

3. The frontal carinae differ slightly in the two forms, being nearly 
parallel in the small workers, but diverging posteriorly somewhat in 
the soldiers. 

4. The clypeus in the small ants resembles a triangle, somewhat 
curved outward in front, but in the soldier it has four sides, of which 
the two lateral diverge anteriorly, and its anterior margin is slightly 
notched in the middle. 

5. The compound eyes are further forward in the soldier than m the 
worker. 

6. The mandibles in the small ants are slender, and bear teeth, of 
which the outside one is especially large, but in the soldier they are 
very strongly built, blunt, straight-edged, without teeth, and some- 
what sharp on the edges which come in contact with each other, very 
much resembling hatchets. 

When the queen (Plate, Figure 21) of this species was examined, 
it was found that, while she resembles the worker more closely in cer- 
tain characteristics, she is, on the whole, more like the soldier. 

1. Her whole body is larger than that of the soldier, suggesting that, 
as in Camponotus americanus and C. pictus, she represents one end of 
a series from which some members have, probably, dropped out. But 
there is more difference between majors and queens in this species. than 
in Camponotus, and even within each of the two classes, soldiers and 
minors, — supposedly connected by missing forms, — the gradation is 
not as uniform as it is throughout the Camponotus series. 

2. Her head is both relatively and actually smaller than that. of the 
soldier. On the other hand, the shape, both in regard to its general 
proportions and to the posterior margin, more nearly resembles that 
of the worker; but the chitinous ridges and the general ‘color closely 
resemble those of the soldier, though they are less marked. 

3. Certain organs of the head also resemble those of the soldier 
more closely, viz., the antennae ana their parts, the angle which the 
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frontal carinae make with each other, the shape of the clypeus, and the 
pubescence, this being even more marked than in the soldiers. 

4. On the other hand, the mandibles are toothed and in shape are 
much like those of the small workers, and the mandibular muscles do 
not cause mounds on the dorsal surface of the head. 

5. There are three well marked ocelli, and the compound eyes are 
much larger than those of either soldiers or workers. 

6. From these facts it seems probable that the large workers orig- 
inally resembled the queen more than did the small workers, and later 
developed to an exaggerated extent certain of her characteristics, which 
the small worker, on the other hand, lost. 


IV. MetHops IN GENERAL. 


In order that I might not be biased when considering the subject of 
division of labor among ants as a whole by conclusions deduced from a 
single method of work, it was thought well to make observations under 
several different conditions, partly by placing the ants in more, partly 
in less natural surroundings. My observations may thus be arranged 
in three groups as follows: A. work with Fielde (:00 ; :04*) nests, with 
aluminum nests (Buckingham, :09) and other apparatus ; B. Work with 
Barth (:09) nests ; C. Out-door work. 


A. Work with Fielde Nests, Aluminum Nests and Other Apparatus. 


The Fielde and aluminum nests used are shown in plan in Figure 6 
(p. 447) ; they were ten inches long and six inches wide. 

1. Marking. — In order to study the activities of each member of a 
colony, when experimenting with ants in the Fielde nests and in my 
own, the following method was employed : Each individual was marked 
and its head measurements were recorded together with the data of the 
various experiments, so that it might be possible to tell which sizes 
were concerned in the different activities and to keep account of the 
special activities of each individual. Length of head multiplied by width 
of head was used as a criterion of size. The classes of the species of 
Pheidole which I used are so distinct that | have thought no marking 
necessary, and have simply recorded the numbers of ants of each class 
taking part in each activity. With Camponotus, however, the case 
was quite different, since it was impossible to establish natural groups 
or classes, owing to the continuous gradation of the forms into one 
another. 

A common way of marking ants, described by Miss Fielde (:03:, 
p. 610, foot-note), is to affix to them colored paint by means of var- 
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nish. I have never succeeded in making this method work well, since 
the paint often falls off or is removed by the ant or its companions. 
Especially is this likely to happen in the course of experiments extend- 
ing over considerable time, as mine have done. I have had no better 
success with trying to affix other substances to the ants. The following 





Fiaure 5. 


method, however, works well with species of large ants: Pieces of col- 
ored sewing-silk were split into their component strands. One or, if 
different colors were to be combined, two or more of these were tied 
with a single knot into a loop. The legs of the imsect were then 
grasped by the thumb and forefinger of the left hand, while with the 
right hand the loop was slipped over the abdomen, adjusted imme- 
diately back of the last pair of legs, and fastened by completing a 
square knot, care being taken not to make the loop around the ant too 
tight. A small pair of forceps is indispensable in adjusting and tying 
the loop. Provided that the thread is sufficiently slender, I cannot 
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see that its presence makes any difference in the behavior of the ant 
after the first few minutes, and the number of individuals which can 
be thus marked is practically unlimited, for by varying the single or 
combined colors, many different combinations can be secured. 

2. Heating. —In carrying out this set of observations the ants were 
kept during the summer at ordinary room temperature. In winter, 
however, in order to maintain a state of greater activity than they 
would have had at room temperature, especially at night, it was deemed 
expedient to keep them at temperatures which approximated those of 
summer, the extremes being about 60° and 90° Farenheit. They were 
therefore placed, when not under observation, in an artificially heated 
chamber (Figure 5). This chamber, made of matched boards 3 in. thick, 
was about five feet high, three and a half feet wide, and two and a 
half feet from front to back, and raised on wooden legs about two feet 
above the floor. The front of the chamber was composed of two doors 
(c), and the back was open, but was placed against the wall of the 
room in such a way as to surround a west window that was provided 
with two sashes enclosing an air space between them. ‘The floor, the 
roof, the two ends and the two doors were lined with sheets of asbestos. 
To give more surface on which to place the nests and to allow at the 
same time free circulation of the heated air, a shelf (a) made of slats 
was placed midway between the floor and roof. Since the afternoon 
sun sometimes made the temperature in the chamber dangerously high, 
and since daylight excites ants, the window was supplied with a red 
curtain (}), so arranged that it could be easily raised or lowered. The 
curtain was used continuously except occasionally for a few moments 
when a little extra light was needed while caring for the ants. Al- 
though the doors could be tightly closed, they were usually left slightly 
ajar, thus affording better ventilation and avoiding danger of too great 
a rise of temperature. Heat was supplied by an electric stove (d), the 
current being taken from the lighting circuit. The ants which I was 
studying were kept on the floor of the chamber, where the temperature 
was somewhat lower than on the shelf. ‘The latter was used by Mr. I. 
A. Field for the ants he was rearing in connection with his studies on 
spermatogenesis. ‘The chamber was built for receiving ants and in 
accordance with plans worked out by Mr. Field and the director of the 
laboratory. While the ants were kept in this chamber at such times 
as they were not under immediate inspection, all observations were 
made at ordinary room temperatures, under the influence of daylight. 
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B. Work with Barth Nests. 


1. Environment in General. — It appeared that there are some ac- 
tivities of ants which cannot be satisfactorily studied in natural nests, 
and in order to watch the insects under more natural conditions than 
were used for observations under division A (pp. 440-442), and to sub- 
ject them, though in the laboratory, to an environment as nearly as 
possible resembling that of their wild homes, Barth (:09) nests were 
selected. Here the ants soon burrowed their chambers and galleries 
in earth between two glass jars, a smaller set within a larger, the out- 
side of which was always covered with thick black paper, except at 
such times as the nests were examined. ‘T'o prevent the escape of the 
ants, screens of wire gauze were placed over the tops of the jars, which 
were otherwise open, allowing free access of air. During the period 
that these observations were made the nests were kept continuously 
in a photographic dark room, with black walls, and a small window 
through which daylight entered for some hours each day. In order to 
produce the darkness normal to ants underground, this daylight was 
closed out when the black paper was removed from the nests during 
observation. The light needed in studying the movements of the ants 
was secured by a 16-C. P. incandescent filament enclosed in a bulb of 
ruby glass. This lamp served also another purpose, viz. to stimulate 
the ants slightly, and thus make them more lively. 

2. Influences of Heat and Light. — That this stimulus was due to 
heat and not to light was proved by the following experiment, tried on 
two different colonies of Camponotus herculeanus pictus. The results 
of both were so nearly alike that I give only those of one. When the 
temperature of the earth in the nest was 20° C., by a thermometer 
previously placed there, and the ants were quiet, a water screen 23 
inches thick was placed between the nest and the ruby bulb, which 
was about four inches distant from the nest. After five minutes the 
ants were still perfectly quiet. The screen was then removed. Imme- 
diately the ants began to move vigorously, and at the end of five min- 
utes more the glass felt warmer to my hand where the light shone 
on it than in other places. The temperature in the earth near the 
ants had now gone up to 22° C., and the ants were carrying the larvae 
toward the outer glass of the nest. The water screen was now replaced, 
and the ants examined again at the end of another five minutes, when, 
though the thermometer still registered 22° C., the ants were perfectly 
quiet. After five minutes more with the screen still in place, the 
room having become in general warmer, the thermometer in the earth 
registered 22+° C., and the ants were perfectly quiet. Black paper 
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was now placed around the nest to keep out the light, the lamp being 
left in the same position, but the screen having been removed. After 
five minutes the thermometer reading was 25° C., and the ants were 
in commotion. I then poured cold water over the outside of the nest 
till the ants became fairly quiet, the thermomoter standing at 22.5° C, 
When the thermometer had reached 20° C., the lamp was again placed 
near the nest, and at the first intimation of motion among the ants a 
reading of the thermometer was taken; it showed 21° C. But pre- . 
viously, when there was light and no rise of temperature the ants were 
quiet at 22+° C. The nest was now cooled to 19° C. and the ants 
began to move at 20° C. It therefore seems fair to assume that the 
stimulus is not simply heat, but a rise of temperature. ‘I'o see the 
effect of light other than red, at the same power, a 16-C. P. incandes- 
cent lamp with an ordinary glass bulb was now used, at the same dis- 
tance that the ruby light had previously been, with the water screen 
in place. At the end of two minutes the ants were disturbed, but they 
seemed to be less disturbed by the light of a 16-C. P. incandescent 
lamp than by its heat. From these two experiments it seems clear 
that we are dealing here with the stimulus of heat from the ruby bulb 
rather than of light. Heat is really a natural stimulus to ants, as 
they are in the habit of coming up under stones or to other warm parts 
of the nest, and of taking there the eggs, larvae and pupae to warm 
them. Moreover, in the Barth nest I found that so long as the heat 
was not too intense, the ants took their young toward it; if, however, 
it became very intense, from placing the lamp nearer the nest, they 
carried them away. So long as the behavior of the ants indicated 
that the warmth was favorable to them, so long, I think, we may safely 
say that it was a natural stimulus. 


C. Out-door Work. 


That I might study ants under entirely normal conditions, I worked 
during the spring, summer, and autumn of 1909 on out-door colonies of 
Camponotus herculeanus pictus at Randolph, N. H., and of Pheidole pil- 
era at Cambridge, Mass. In order to obtain as natural results as possi- 
ble, the observations were made in many cases without touching the 
nest at all, and in no case was there any disturbance of the ant when it 
could be avoided. ‘'T'o this end, before making observations, I often 
waited for a time after seating myself on the ground so that the ants 
might recover from any stimulus to activity caused by my approach. 
In making notes or in preserving ants, all individuals sharing in any 
activity under the influence of any excitement, other than that which 
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might naturally be expected in such an activity, were so recorded. 
To gain as much evidence as possible from the observations, two meth- 
ods of study were used, viz. (1) field notes, and (2) captured ants. 

1. Field Notes. — First, at the time the observations were made 
notes were taken, giving general impressions of the sorts of individ- 
uals engaged in various pursuits, and these notes were later carefully 
summed up and compared for the different colonies. Although such 
notes are necessarily in many respects less accurate for Camponotus, 
because of the nature of polymorphism in the species here used, than 
is the evidence derived from the second method, to be described below, 
yet they reveal more precisely the numbers of ants engaged in the 
various activities, and are, I think, in the main fairly correct. 

2. Captured Ants.—The second method employed in the field 
work, used particularly in connection with Camponotus herculeanus 
pictus, was as follows: Because the workers of this species form a 
graded series (p. 438), it was in many cases impossible to judge with 
accuracy as to the size of ants engaged in particular activities, and it 
was, therefore, thought well to distinguish, for the purpose of later 
study, those ants which shared in any given activity. Accordingly, 
small vials of commercial alcohol were used, into each of which were 
dropped all ants of a particular colony engaged in a given activity on 
any day, and each bottle was provided with a label giving the colony, 
the activity, and the date of capture of all ants contained therein. 
For convenience each ant was later mounted on a separate pin with a 
label containing the above data. 


D. Activities Tested. 


Although the activities of the ants studied have not all been tested 
with each method of observation, some of them have. I give here the 
whole category of activities which were examined by any method: 
1. foraging, either (a) presence in the field, or (b) actually carrying 
food ; 2. partaking of different foods; 3. feeding themselves; 4. re- 
gurgitating food to others, likewise receiving regurgitated food ; 5. 
licking others, likewise being licked ; 6. tending the young (eggs, lar- 
vae, or pupae) ; 7. building, (a) digging, (>) carrying earth; 8. carry- 
ing other ants, likewise being carried by other ants; 9. surrounding 
the queen; 10. fighting ; 11. responding to disturbances of the nest ; 
12. guarding ; 13. scavangering. 

Though the nature of most of these activities seems clear from the 
names given them, a few, perhaps, need explanation. For example, 
“preparing food” means tearing it into smaller pieces or crushing it 
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so that it can be carried into the nest, or so that it is suitable for 
eating. “ Regurgitating food” is a fairly common habit among ants; 
when they have been feeding, they sometimes disgorge some of the 
food to their companions. ‘The process of “licking” is minutely de- 
scribed by McCook (79, p. 125) for Pogonomyrmesx barbatus as clean- 
ing each other. ‘The ant which is doing the licking or cleaning passes 
all over the body of the other ant with her mouth parts, which are 
constantly in active motion. The ant which is being licked stands 
still, apparently content to have the process carried on. Wheeler 
(: 08°, pp. 43-44) says in regard to licking in Leptothorax that there 
can be little doubt that the ants obtain some substance from the body 
of the Myrmicas, but it is difficult to ascertain its nature. He thinks 
it may be a secretion of the cutaneous glands, or merely the salivary 
secretion that has been spread over the Myrmicas by the mutual 
licking in which they indulge. Later he (Wheeler : 07°, p. 70) speaks 
of it as an “ oleaginous secretion.” By “responding to disturbances of 
the nest ” I mean such disturbances, for example, as knocking on logs 
in which Camponotus pictus for the most part lives, jarring the artifi- 
cial nests, or tearing open log nests or earth nests. “Guarding” sig- 
nifies such habits for the protection of the nest as are found in 
Colobopsis (see p. 428). Although these guards allow all the in- 
habitants of the nest free passage, they: nevertheless keep out all 
intruders. 


V. Strupres or CAMPONOTUS. 


A. Camponotus americanus. 


In the observations on the various activities of Camponotus ameri- 
canus I have tried to discover (1) the proportion of the whole number 
of worker ants which engaged in a given activity, (2) the extent to 
which each individual was engaged in that activity, and (3) the rela- 
tion, if any, between the size of the individuals and the nature of their 
activities. 

1. Foraging. 

1. Methods. —In order to determine to what extent this species is 
attracted by food near at hand, and which individuals respond to this 
stimulus, any arrangement which would allow one to know definitely 
which individuals, if any, had had recourse to the food (or at least to 
the chamber containing it) during a fixed interval of time would afford 
a basis for judging of the general effect of food as a stimulus and for 
determining the particular ants or classes of ants stimulated by it. 
The method adopted to attain these ends was as follows: The ants 
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were confined in the Fielde nests already mentioned (Figure 6). In 
all cases the chambers were connected with each other by two passages, 
one at each end of the partition. In each of the chambers was a moist 
sponge, and both chambers were kept moderately dark by pasteboard 
covers laid over the glass. ‘The ants were placed in chamber A, the 
food inchamber B. One of the passages between A and P was blocked 
by a plug of cotton, while in the other was placed a trap-door which 
allowed the ants to pass from A to #, but not in the reverse direction. 
The trap-door (Figures 7-11) was made as follows: A piece of mica, a, 
slightly narrower than the passage, rested on a fulcrum, db, in such a 
way that one end touched the floor of the nest in chamber A, while the 
other came against the roof (c) of the passage in chamber B. The roof, 
c, covered the whole passage between A and B. In Figure 8, a front 
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FIGURE 6. 


elevation, are shown, besides the parts already mentioned, d, the out- 
side wall of the nest in cross section, and ¢, the cross partition between 
A and 8, also in section. The fulcrum (6) consisted of a short piece 
of straightened watch spring just long enough to fit easily across the 
passage, and supported, edge up, between two strips of thin card-board, 
cut as shown in Figure 9, where 0 is the steel watch spring, and A one 
of the supporting cards. ‘The dotted lines (g) show where the card was 
bent at right angles to form the parallel wings, 4 which were glued to 
the glass wall of the passage (Figure 8, dande). ‘The portions ¢ of the 
card-board remained in a plane parallel to 6 and hence perpendicular 
tof. Both edges of the mica plate (a) were notched at the middle 
(Figure 11) to receive the projecting edges, 7, of the vertical card-board. 
This arrangement prevented the slipping of the mica plate on the ful- 
crum, while allowing freedom of motion in a vertical direction. The 
two arms of the mica plate were of unequal length, the longer and 
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heavier arm projecting into chamber A. Consequently, when the plate 
was undisturbed, this arm rested on the floor of chamber A; but when 
an ant, ascending the incline of the plate, passed beyond the fulcrum, 
its weight was added to that of the shorter arm, and by the time it had 
come near the end of the shorter arm, the combined weight of the two 
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Figure 8. 

















Ficure 9. 











Ficure 10. 














Ficure 11. 

















was sufficient to tip the plate and bring the B end into contact with 
the floor. As soon as the ant had passed from the plate to the floor of 
chamber B, the weight of the long arm caused the plate to swing back 
into its original position. Figure 10 shows, in horizontal section, at 
the level of the uncovered portion of the watch spring (6), the fulerum 
without the mica plate. As the mica plate was somewhat longer than 
the end of the partition, the latter was prolonged by a vertical piece of 
paper (a, 6, Figure 6) parallel with the edge of the plate. This pre- 
vented ants from getting under the plate from the A side, and inter- 
fered with any attempt of a second ant to get on the PB end of the plate 
while it was being held down by the weight of the ant entering B. 
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To eliminate as far as possible other factors than that of food, the 
latter was placed alternately in chamber PB and in chamber A, the same 
number of observations being made for each position. 

2. Observations. — In these experiments ten different colonies were 
made use of. Records in regard to the feeding activity were made 
every 24 hours with the exception of certain Sundays and a few holi- 
days. It is clearly necessary, however, to exclude observations made 
on any day succeeding one when no observations had been made, 
because the time interval during which the ants had had an oppor- 
tunity to respond was in such a case 48 hours instead of 24 hours, the 
usual interval. At the beginning of each observation the ants were 
all placed in chamber A, and the food was placed half the time in 
chamber A, half the time in chamber B. A “series” of observations 
consists of a number (50 or 25) of separate observations all made under 
the same conditions as to the relation of insects to the food-chamber. 
‘he maximum number of observations in a week was only five, except 
during those periods when records were made on Sundays as well as 
week days, in which cases seven observations a week were possible. 
During the earlier experiments on this species, 50 observations were 
included in each series, but later the number was reduced to 25. A 
“ set” of observations includes two or more “series,” one of the series 
being made while the food was in chamber A ; the other while it was 
in 2. The ants at the beginning of every experiment were, as stated, 
all in one chamber (A). After the lapse of 24 hours the number of in- 
dividuals which had migrated into chamber B was noted. ‘The results 
of a series of 50 (or 25) such observations were combined as follows : 
First was computed what per cent of the whole number of ants under 
observation made their way into the unoccupied chamber during each 
observation. ‘These per cents for the 50 (or 25) observations were then 
averaged. ‘The result is shown in Table I. When the food was in 
chamber B, these values give a partial measure of the stimulus to mi- 
gration caused by food ; but, assumably, the migration under this con- 
dition was not due exclusively to the stimulus of food. ‘To eliminate 
as far as possible all other factors except food, experiments were also 
made with the food in chamber A. The individuals making their way 
from chamber A to chamber B under this condition would clearly not 
be attracted to B by food, and the number of them may fairly be taken 
as an approximate measure of the number of individuals which made 
their way into the food-chamber (when that chamber was /) indepen- 
dently of the influence of food. In the earlier sets of observations (viz. 
with 50 observations in a series) three series were combined into a set 
(colonies 4, 17, 20, and 24); in the later sets only two series (colonies 
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42, 51, 53, 54, 55). Usually the three-series set embraced two series 
with the food in B and one with the food in A, but in one instance 
(colony 24) the reverse was true, two series of observations having been 
made with food in A, and only one with food in B. These three series 
were so arranged as to eliminate as far as possible any tendency of the 
colony to a change in its activities during several weeks of observation, 
by putting one of the two series before, the other after the odd series. 
Although the results may differ considerably in different experiments, 
and the proportions found may be so variable as to show that we are 
dealing with rough approximations only, still the numerical relations 
are the only basis we have to go by, and are not less reliable than vague 
statements that there are “many” or “very many” more engaged in 
this than in that activity. Accordingly, I shall give the numerical 
results of my observations, which are of necessity the basis of my gen- 
eral statements of proportions. 

In those cases where two series of observations were made with the 
food in the same chamber, it was found that there is not much differ- 
ence in the per cents resulting in the two cases (27.1 and 33.8; 25.4 
and 25.7; 6.7 and 6.5; 3.2 and 8.9). In experiments with colonies 
4, 17, 24, 42, and 54 there was a much larger number of ants entering 
B when the food was in B than when it was in A, as we should expect ; 
but, for some reason which I have been unable to explain, the reverse 
was true in colonies 51, 52, 53 and 55. However, the average of these 
per cents was higher when the food was in B (21.2 per cent) than 
when it was in A (15.6 per cent). This would leave a difference of 5.6 
per cent, which may be assumed as the per cent which went to # for 
food alone. It will be noticed that the per cent of ants entering BP is 
fairly low, showing that not every ant went each day to the food cham- 
ber, and, indeed, some ants did not enter B at all. This is shown 
by an examination of the details of a series of observations in colony 
54. The ants whose numbers are not recorded here died before this 
experiment was performed. Nos. 25, 28, 35, 37, 39, 45, 47 and 48 did 
not enter chamber B at all, while out of a possible 33 times, No. 30 
entered B twenty-two times; No. 2, twenty times; Nos. 21 and 22, 
seventeen times each; Nos. 10 and 12, sixteen times each; Nos. 3 
and 52, fifteen times each ; No. 9, eleven times; No. 20, eight times ; 
No. 44, six times; No. 14, five times; Nos. 8 and 13, three times 
each ; Nos. 11, 17, 19, 31, 34, and 42, twice each; and Nos. 15, 19, 
33, 36, and 40, once each. There were, in fact, instances in all the 
colonies of failure on the part of some individuals to enter the food- 
chamber. It might be urged that any one individual does not need 
food every day, and can readily live for some time without it, as has 
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been shown by Janet ('98) and by Fielde 
(: 04>) ; but in my experiments many in- 
dividuals did not enter the food-chamber 
for a long period, fifty days, and while 
it is possible that they may exist for such 
a period when deprived of food, I do not 
believe that with food within their reach 
they would, as a rule, go so long without 
eating.. Moreover, it is certain that not 
every individual is dependent for its food 
on a personal visit to the food-chamber, 
because I have often seen ants, immedi- 
ately after being taken from P (containing 
food) and placed back in A, regurgitate 
food to their fellows, so that the failure 
of a particular ant to visit the food- 
chamber by no means warrants the con- 
clusion that it has remained without 
nutrition. Many of the nests contained 
queens, males, and larvae, all of which 
throve, the ants being able to rear their 
young in chamber A provided proper food 
was kept in B, and provided the ants 
which entered B were placed back in A. 
Colony 4 was the only one without a 
queen, but as the ants even in this colony 
flourished, it cannot be said that in all 
cases the food is supplied by queens, ei- 
ther through their fat-bodies or otherwise 
as is done when a queen is founding a 
colony. 

Table II was made up in exactly the 
same manner as T'able I, except that the 
intervals between observations were 48 
hours instead of 24. In the cases of col- 
onies 24, 42, 51, and 54, the per cents of 
ants entering B were larger when the 
food was in B than when it was in A; 
the reverse was true in colonies 52, 53, 
and 55. The deficiencies in the records 
of colonies 4, 17, 20, and 24 are due to the 
fact that these colonies were examined 
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every 24 hours, during at least one series when the food was in A or in B. 
A comparison of the results of these two tables shows that there is one 
colony (51) from which during the 24-hour periods more ants entered B 
when the food was in A than when it was in B; but which in the 48- 
hour periods gave the opposite result. All those colonies which in the 
24-hour periods showed more ants entering B when the food was in B 
than when it was in A, showed the same results in the 48-hour periods. 
In the 48-hour periods, as in the 24-hour periods, when there was more 
than one series with food in #, the per cents of ants in B were fairly 
similar in the two cases (34.3 and 28 ; 6 and 4.6), nor are the results very 
different in a given colony (17 and 20) for the 24- and 48-hour periods. 
On the whole, when we compare the results in the 24-hour periods and 
the 48-hour periods, it will be seen that there were somewhat more ants 
entering B during the 48-hour periods than during the 24-hour periods. 
In the 48-hour periods there were rather more ants entering #B when 
the food was in A than when it was in #, as opposed to the reverse 
condition shown for the 24-hour periods. I believe this to be due to 
the fact that there were several colonies (4, 17, 20, and 24) which, 
throughout one or more series, were examined daily (consequently no 
48-hour periods) and these were colonies which, during the 24-hour 
periods showed more ants entering B when the food was in B. 

To ascertain the constancy of individuals in regard to foraging, I noted 
the number of times which each ant had the opportunity (one opportun- 
ity in 24 hours) to go into #, and also the number of times which it 
availed itself of this opportunity. From the ratio of the two numbers, 
expressed in per cents, was subtracted a similar ratio ascertained when 
the food was in A, since we must assume that the ants entering B 
when the food was in A did so for some other purpose than that of 
obtaining food, and that an equal number would presumably have 
passed from A to B when the food was in B for similar reasons, 1. e. 
not for food. These results are given in 'l'able III, where the second 
column shows the number of ants engaged in foraging for each of the 
several per cents from —78 to 85. For the sake of convenience the re- 
sults of the corresponding operation for the activities of tending the 
young (third column) and building (fourth column) are incorporated 
in the same table. The results on foraging would have been more 
convincing had more ants in all colonies entered B when the food was 
in B than when it was in A. But as has been stated, it was frequently 
found that an individual ant entered B more often when the food was 
in A than when it was in B. 

In compiling Table III, I have disregarded in respect to every activ- 
ity all individuals which died before the end of the experiment. There 
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were many ants which did not engage in foraging at all (76 out of 195, 
or about 39 per cent), while only a few entered B& a large part of the 
possible number of times — only 8 out of 195, for example, taking ad- 
vantage of more than half their opportunities. This suggests some 
sort of division of labor, and thus agrees with Lubbock’s (’82) observa- 
tions, although the number of individuals which constantly engaged 
in this activity was much larger in my studies than in his. This dif- 
ference may have been due in part to our having used different species 
of ants, but also in part to differences in our methods of experiment- 
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ing and observing. His ants had perfect freedom to go to and from 
the food, being therefore able immediately to return with food to their 
fellows ; whereas mine had to wait for a longer or shorter time before 
returning, in some cases probably nearly twenty-four hours, with the 
result that those of my ants which entered the food-chamber were for 
much of the time of no use as a source of food supply to the rest of 
the colony, in consequence of which other ants probably went in search 
of food, making the total number of food-seekers somewhat larger than 
it would have been but for this restraint. His observations of unre- 
strained ants were made once an hour ; mine, made on ants that were 
free to enter the food chamber, but could not leave it, were made only 
once a day. However, I do not think this wholly explains matters, 
for on days immediately following those on which no record had been 
taken, there were not many more foraging ants than after an interval 
of only twenty-four hours, which seems to me to show that nearly all 
individuals likely to frequent the food-chamber had done so during the 
first twenty-four hours. Moreover. the artificial heating of my ants 
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may have had something to do with the difference in our results, for 
while my ants were thus stimulated to unusual activity, his experiments 
were carried on at room temperature in winter. 
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I do not find from these experiments any very striking evidence of 
a correlation between size and the habit of foraging. I have plotted 
frequency polygons (Figures 12-14) for three of the various activities 
studied. For this purpose the ants experimented with were divided 
into six classes, based on the size of the head expressed in sq. mm. 
(length x breadth). The class values are indicated along the axis of 
abcissas. ‘The values along the axis of ordinates are the average per 
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cent of times (the opportunities being 100 per cent) which ants of these 
sizes entered into the activities of foraging (Figure 12), tending the 
young (Figure 13), and building (Figure 14), respectively. The 
figures below the middle of each class show the number of individuals 
in that class. There seems to be no marked difference as to the 
amount of foraging among the various classes, except that the largest 
ants did not engage much in that activity. It might be objected that 
the colonies should not have been classed together in this way, since 
there might be differences in behavior of the classes of different col- 
onies, depending on the number of ants of each size within the colony, 
numbers which change with the age and amount of food of the colony. 
But here the colonies, being all small, were in approximately the 
same condition, and were kept in the same environment. Moreover, 
such a combining of colonies would tend not to exaggerate but to ob- 
literate differences in behavior of the different classes, and yet such 
differences are more or less evident. 


2. Tending the Young. 


1. Methods.—In endeavoring to ascertain which ants were most 
active in tending the young, both passages at the ends of the partition 
in the Fielde nest were left open. The ants were placed in chamber 
A, and this was left partially darkened until the ants had collected in 
the darkest part of the chamber. Then the screen was removed, allow- 
ing the daylight to fall upon the insects. In order to cause ants more 
quickly to pick up the young, a gentle current of air was pumped into 
the corner of the nest where the ants were congregated. The pump- 
ing was done by the following method : A five-gallon glass carboy was 
used as a compression chamber for the air. Into this the air was 
pumped by means of a foot-bellows, connected to the carboy by a heavy 
rubber tube. Another tube leading from the carboy terminated in a 
piece of glass tubing drawn out to a fine point, which was inserted 
through a small hole in one of the two roof-panes of the nest. 

Four colonies were used in this experiment. Each colony was ob- 
served for 50 one-minute periods. During each period a record was 
made of all ants seen carrying eggs or larvae (there were no pupae). 
The average number ? of workers in each colony was then found (‘Table 
IV, line 3) and finally the per cent of workers which were active in 
tending the young (line 4). In a similar manner, line 5 gives the 
average number of winged queens in the colony, line 7 the average 





2 See page 450, foot-note 1. 
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number of deilated queens, and lines 6 and 8 the per cent of times 
that these were respectively active in tending the young. 

2. Observations.—I1 may note here the following incidental 
observations : 

(1) Ants often appeared to touch the young, even with the anten- 
nae, without seeming to notice them. 

(2) Unless violently disturbed, the ants did not remove the young 
to a definitely safe place, but wandered about with them in their mouths 
in an apparently aimless way. 

(3) After an experiment had continued for some minutes, the ants 
were not as much disturbed by the current of air as they were at first. 





TABLE IV. 
I 0 a a ae gag 42 51 54 55 
No. of Geervetioms. ww wt tt tt 50 50 50 50 
Av. no. of workers in colony. ...... 5 10 23 24 
Per cent of workers tending young ... . 17 8 31 1) 
Av. no. of winged queens in colony... . 2 1 
Per cent winged queens tending young 0 2 
Av. no. of deailated queens in colony 1 1 1 
Per cent deilated queens tending young. . 0 10 2 























This is in agreement with Turner’s (:07, p. 408) statement in regard 
to sound, and Fielde’s (: 03, p. 493) in regard to other stimuli. 

Unfortunately the number of individuals in a colony in this experi- 
ment was small. However, it was found (Table IV) that only a small 
per cent (17, 8, 31, 9) of the workers were occupied in tending the 
young. The per cent of workers engaged in this activity seems to be 
quite independent of the number of individuals in a colony. 

A similar conclusion to that reached in regard to foraging (pp. 453- 
455), — viz. that a few individuals are more active than the rest, — 
is also to be drawn from my experiments on tending the young, as 
shown in the third column of Table III (p. 455). The methods used 
in experimenting allow no minus results in this activity, or in building 
(column 4), such as were found in foraging. Out of 46 indviduals 
experimented with, 7 did not share at all in tending the young, and 
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only 5 reacted more than half the time. On the whole, this resembles 
the results obtained in regard to foraging. 

Figure 13 (p. 454), constructed as described on pages 455 and 456, 
seems to show that there is a somewhat greater activity on the part of 
the smaller individuals. So far as these observations go, this might 
be considered, as in certain aspects of foraging (pp. 453-455), to be 
due to a great alertness of some individuals in more than one activity, 
which certainly exists, and will be discussed later (pp. 462-463) ; but in 
corroboration of field experiments on C. pictus (pp. 468-469), it also 
seems to me to point clearly to a greater activity on the part of the 
smallest ants of C. americanus in tending the young. 
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It is somewhat peculiar that both deilated and even winged queens, 
as well as workers, took part in this activity. 


3. Building. 


1. Methods. — (a) Horizontal nest. Two kinds of nest were used in 
investigating this part of the problem. The first was a Fielde nest, 
such as was used in previously described experiments. In one cham- 
ber, kept dark except during observations, was placed damp earth, 
collected with the ants, so as to be of an appropriate sort. The nest 
was nearly filled with the earth, only enough room being left to enable 
the ants to walk comfortably between the earth and the roof. The 
other chamber was exposed to daylight and contained the food. I call 
this the horizontal nest. 
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(b) Vertical nest. The second kind of nest (Figures 15-17) was ver- 
tical, and consisted of a plaster-of-Paris base, two end pieces of wood let 
into two sockets (Figure 16, d) in the base, two sides of glass, and a 
wooden cover. ‘he base (Figure 16) was 6} inches long, 24 inches 
wide, and § inch thick. The thickness of the base was increased above 
the level at a 1} inches at the ends (c) and along the middle of its 
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upper surface (5). In each end thickening (c) there was a groove, or 
elongated mortise (d), which received the tenon (e, Figure 17) of the 
lower end of the wooden end piece. . In the upper end of each of these 
pieces was inserted a cylindrical glass peg, / (Figure 17), to hold in place 
the wooden cover, /, which had bored in it holes corresponding in size 
to the peg and in such positions as to hold the end pieces parallel to 
each other. The end pieces were 5} inches long, 1} inches wide and 
$4 inch thick. To the inner surface of each was securely fastened a 
strip of wood (7) 4%; inch thick and as wide (3 inch) as the median 
thickening (6) of the base. This strip of wood and the thickening (6) 
of the base served as stops to keep apart the two glass plates (?, Fig- 
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ure 15), 5 inches X 6 inches, which formed the sides of the chamber, 
When one of the glass sides had been firmly pressed against the median 
“stops,” the two wooden strips (A, Figures 17, 15) were pressed against 
the pane and clamped in position by steel clamps (m, Figure 15), one jaw 
of which rested in a vertical groove (g, Figure 17) cut in the edge of the 
end piece, as shown in section at m (Figure 15). When both panes were 
thus clamped in position, a fairly tight chamber 4 inch thick and 5 
inches X 6 inches in area was completed. This was nearly filled with 
earth. All wooden pieces were infiltrated with paraffin to prevent warp- 
ing, as the base of the nest was occasionally placed in water to keep the 





TABLE V. 
No. of the Colony. ... . 54 | 54 53 | 53 | 52 | 51 | 51 | 42 | 42 
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No. of observations . ... |150/150/ 150/150) 150 | 150 | 150 | 150 150 


Av. no. of workers in colony 22;21);171;17;2;,;9;1;5;]41{2 


Per cent of workers building 5 | 13; 5 | 14} 59 | 17 | 15 | 13 | 38 
Av. no. of winged queens in 
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earth damp. In case either pane of glass needed cleaning, the nest 
was laid on its side with that pane uppermost, and the plate was then 
exchanged for a clean one by unclamping the wooden strips of that 
side. 

2. Observations. — The colonies observed in this activity were espe- 
cially small, so that it is not safe, perhaps, to lay much stress on the 
results, except in relation to other work on this subject. I give them, 
therefore, merely as additional evidence. 

From these experiments (Table V)* I found, again, that the per 
cent of individuals engaged in this activity is, as a rule, small, and is 
independent of the number of individuals present in the nest. In 
most cases (colonies 54, 53, and 42) the per cent was smaller in the 





3 Table V was constructed in substantially the same manner as Table IV 
(p. 457). 
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horizontal nest (#7), but in colony 51 it was smaller in the vertical (V). 
For my problem, however, this is unimportant. 

In Table III, column 4, it may be noted that out of 43 ants tested 
in building, five did not engage at all, while only one reacted more than 
half the time, the largest per cent being 59. As in tending the young, 
the methods employed allow only positive results. 

Figure 14 (p. 454) shows a distinct correlation between size of the 
individual and activity. It will be noticed that this activity is almost 
confined to the smaller sizes (1.5 mm.—4.5 mm.). 

















TABLE VI. 
1 2 3 4 
Classes, 

1.40-3.19 3.20-4.99 5.00-6.79 6.80-8.59 

sq. mm sq. mm sq. mm sq. mm. 
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But here again, as in tending the young, both dedlated and winged 
queens took part. 


4. Fighting. 


1. Methods. — It was impracticable to deal here with the colony as 
a whole, since it was impossible in the confusion which occurred to 
distinguish readily the sizes which took part. In order to discover 
which of four different known sizes (classes) was more active in 
fighting, a few individuals of each size were placed in four separate 
Stender dishes, one dish for each size. Each dish measured 5.5 cm. in 
diameter and contained the same number (given in Table VI) of ants. 
The limits of the head sizes of the individuals in each of the four classes 
is indicated in sq. mm. Into each dish in succession was introduced 
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for a period of thirty seconds a worker from another colony of Campo- 
notus americanus, and the number of ants attacking it was noted for 
each dish. 

2. Observations. — Table VI gives the results of these experiments. 
The first column gives the number of the colony, the second the num- 
ber of observations made on each colony. The results for each of the 
four classes of ants are shown separately ; for each class the first col- 
umn shows the whole number of individuals of that class under obser- 
vation, the second column the per cent of activity.* 

'I'wo colonies were observed in these experiments, and in both cases it 
was found that the largest size took part slightly more often than the 
other sizes. ‘They were, too, more savage in their attacks. For the 
first time, then, we seem to have an indication of greater activity on 
the part of the large workers. This might, of course, be due to differ- 
ences in surrounding conditions, for in the other activities Fielde nests 
were used (pp. 446, 456, 458), and in fighting, Stender dishes ; but 
in view of work done in the field on Camponotus pictus (pp. 468-471), 
I hardly think that this is the explanation. It seems to me, rather, that 
it is due to division of labor, though here, again, the distinction is not 
hard and fast, as all sizes are very active, but the largest workers 
most so. 


5. Relations of Classes to Various Activities. 


Having discussed foraging, tending the young, building, and fight- 
ing in their various aspects, attention should now be directed to the 
specific question of the relation between size and the various activities. 
If we examine Figures 12-14 we see that, while the correlation be- 
tween the size of the ants and the three first mentioned activities is 
not in all cases striking, nevertheless, on the whole, the smaller ants 
are the more active in each of these functions. This is even more evi- 
dent when the curves given in Figures 12-14 are combined (Figure 
18) so as to show the total activity for these three occupations for each 
size. In the case of fighting, on the contrary, it is the larger individ- 
uals which show the greater activity. 

It is another question whether a given individual shares in all activ- 
ities, for it is conceivable that certain individuals of a given size-class 
confine their attention to one mode, and others of the same size-class 
exhibit theirs in another mode of performance. As a matter of fact, [ 





* The per cent active was found in each case by first ascertaining the num- 
ber of ants active during each observation; the per cent which this number 
was of the whole number of ants in a given dish was then found, and finally 
these per cents were averaged for each dish from each colony. 
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have frequently seen the same ant occupied first in one and then in 
another activity. Indeed, some individuals were about equally con- 
cerned in two or more activities. When, however, we consider all the 
evidence on the various activities, we are warranted in the conclusion 
that in fighting, the largest ants predominate ; in building, the small 
and middle-sized ones ; in tending the young, the smaller individuals ; 
and in foraging, all sizes except the largest. From field evidence on 
Camponotus pictus I can corroborate these conclusions. 

And yet it is evident that certain 
individuals, regardless of size, are much 
more alert in each activity than others ; 
this at first sight suggests a division -—__ 
of labor not correlated with size differ- 
ences. In Figure 19 individual ants, 
arranged on the axis of abcissas in the 
order of the size of the head, are desig- 40 
nated by the letters of the alphabet ; 
at the left the ordinates indicate the 
per cents of the possible number of 
times which each of these twenty-one 
individuals (A—U’) was engaged in the ,, 
several activities, these being plotted 
as solid black lines. The upper curve 
shows “building,” the second, “tend- 10 
ing the young,” the third, “ foraging,” 
and the fourth (bottom) is the sum of 
the other three curves, which thus 145 25 35 45 55 65 75. 
gives the total activity of each indi- Diiieeni th 
vidual for these three occupations. 

The dotted curve shows the various head sizes in sq- mm. (length x 
width), the values being indicated by the figures in the right margin. 
It may be seen at a glance: (1) that there is no very obvious corre- 
lation between any of the activities when compared with one another 
(curves 1, 2, and 3); (2) that there is no close correlation between any 
of the various activities and the size of the head (compare curves 1, 
2, and 3 with the dotted curve) ; and (3) that certain individuals are 
in general much more active than others (bottom curve). The fourth 
curve shows that, on the whole, the smaller individuals are the more 
active. While there is a slight preponderance of certain sizes (D = 2.30 
sq. mm.) in certain activities (building), there is also an individual 
diligence in several activities, and this seems to be more or less inde- 
pendent of size. 
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In regard to the behavior of queens, it may be said that it was only 
rarely that they shared in any of the activities described above, and 
then it was usually under 
more or less exciting influ- 
ences. This activity was, in 
all probability, a reversion in 
the case of deilated individ- 
uals to the condition of the 
queen when founding a col- 
ony, and in the cases of 
winged individuals to the 
condition in the parental 
nest (see Wheeler, :06*). 





6. Conclusions in Regard to 

Camponotus americanus. 
pg From the foregoing account 
it appears that : 

1. Males were never active 
in the duties of the nest. 

2. The proportion of work- 
ers occupied in any given 
activity seems to be indepen- 
dent of the number of indi- 
viduals in the colony, when 
the colony is as small as those 
here studied. 

3. Queens, even when re- 
taining their wings, may take 
part in certain activities in 
small colonies, although the 
colony has reached such an 
age as to contain all classes. 

4. A few individuals are 
99 very constant in a certain 

activity, or in even more than 
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senses one, the majority being much 
less active. 
5. Some individuals are about equally concerned in two or more 


activities. 
6. ‘Too few individuals were available in making up Figures 12- 14 to 
show division of labor as clearly for this species as is seen in C. pictus 
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when examined in the field (pp. 467-471). There seems here to be a 
greater activity on the part of some individuals than of others, irre- 
spective of size; this is probably due to psychological differences of 
individuals, as suggested by Escherich (:06, p. 45). But there seems 
also to be some evidence of a division of labor correlated with polymor- 
phism ; this is not marked by hard and fast lines, since all classes may 
share in any activity, but by a preponderance (a) of large ants in fight- 
ing, (b) of those of medium and small size in building, (c) of those 
of small size in tending the young, and (d) of those of small and me- 
dium size in foraging. 

7. The small and medium-sized workers are, in general, much more 
active than the largest ones. 


B. Camponotus herculeanus pictus. 
i. In Barth Nests. 


1. Methods.—In Barth nests, 8 inches high x 6 inches in diam- 
eter, with 3 inch between the jars, five colonies of C. herculeanus pictus 
were studied, all of which had been previously studied in the field, the 
object being to compare the two sets of studies with a view to learning 
if the ants behaved differently in the laboratory from what they did in 
the field. In other words, the field studies afforded a control for those 
in the laboratory. Therefore, not only those activities which had been 
unsatisfactorily examined in the field were studied, but also all others. 
The colonies were necessarily smaller than those in the natural nests, 
as it was impossible to collect the whole of a colony. I attribute to 
this diminution of the size of the colony the fact that, as a whole, the 
ants in captivity were less active than those in the field, for it will later 
be seen (p. 471) that in the normal state the smaller colonies of Cam- 
ponotus herculeanus pictus were less active than the larger. 

2. Observations. — In the Barth nests I have never seen any of these 
ants carrying in food, feeding themselves, or preparing food. More of 
the intermediate sizes than of any other size were seen outside of the 
earth at the top of the nest, or running about in the bottom of the 
well, i. e. the inside jar, a condition which may be compared to for- 
aging. ‘The other two sizes about equalled each other in this activity. 

In regurgitating and receiving regurgitated food it is difficult to 
see in which direction the food passes. But as I have seen this process 
occur between all possible combinations of majors, intermediates, and 
minors, no one class can be the sole regurgitators; I rather suspect 
that it is more common for the two smaller classes to regurgitate, and 
for the majors to receive. The reasons are as follows: First, the 
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majors were several times seen drumming on the heads of these two 
classes, both immediately before this activity took place and during its 
performance, whereas this drumming was never seen in the other two 
classes. Apparently the same stimulus is used by ants to make aphids 
give out secretions (Forel, ’74, p. 251) and to make ants regurgitate 
(1. c., p. 243. See also Wheeler, : 01°, p. 438). This leads me to think 
that it is the ant desiring food, rather than the one giving it, which 
does this tapping. Secondly, throughout all my observations on this 
species and C. americanus, it is the class of large ants which has less to 
do with collecting food than the other classes. Thirdly, the large ants 
are, on the whole, so much more lazy than the intermediates and 
minors that it is characteristic for them to take food which is easily 
obtained from other ants near at hand rather than to seek it or prepare 
it for themselves. Of course they probably do often obtain other food, 
and the other classes certainly sometimes receive regurgitated food ; 
but for the reasons stated, I am inclined to think that in general the 
majors are more apt to receive regurgitated food, the intermediates and 
minors to give it- On one occasion I saw an intermediate and a queen, 
on another a minor and a queen engaged in regurgitation, but I am 
unable to say which way the food went during the process, 

In licking, all three classes took part, but the majors slightly less 
often. The majors were never licked, and the minors seldom, the inter- 
mediates being most often the objects of this activity. There were not 
many individuals, however, which shared in this activity, so that this 
evidence may not have great weight by itself; it may, however, help 
to confirm other evidence. 

Practically the same conditions in regard to tending the young hold 
true here as in the same colonies out of doors, viz. that there are many 
minors, few intermediates and no majors so engaged. ‘This was par- 
ticularly noticeable in colony R 18, where the nest consisted of two 
chambers, an upper and a lower, with a short gallery connecting the 
two, and another gallery leading to the surface. It was a marked fact 
that day after day the large and some of the intermediate ants stayed 
in the lower chamber, while the other intermediates and all the small 
ants were in the upper chamber with the larvae. Moreover, when the 
ants were stimulated with the heat from the electric bulb (pp. 440—443), 
it was nearly always the small ants which carried the larvae toward the 
heat, or away from it when it was too great. In regard to the chambers 
and galleries, I have noticed both here and in out-of-door colonies that 
ants do not, as a rule, collect in the galleries, but use these rather as 
passages ; they are inclined to huddle together in the chambers. 

In building, both in digging and in carrying earth, it was the majors 
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and intermediates which performed the greater part, the minors hardly 
sharing at all. Digging is here similar to that described for Pheidole 
pilifera (p. 485). 

Carrying (and being carried) was not a frequent occurrence, and 
even when it did occur, it was, in these nests, rather a dragging than a 
carrying. In the few cases where it was observed, minors were drag- 
ging intermediates or majors, and no minors were dragged. 

Any unemployed ants may collect in the chamber with the queen, 
regardless of their size, and I have no reason to think that one size is 
more apt to do this than is another. 

When the nest is jarred, or the earth on top broken, ants of all sizes 
become much excited. Here there did not seem to bea difference 
in the reaction of ants of different sizes as there was in the out-door 
nests. 

Nothing resembling guarding was observed. 


ii. In Out-door Nests. 
1. Field Notes. 


1. Methods. —In considering these notes it should be remembered 
that the records were made at the time the ants were captured, and 
therefore before any conclusions could have been deduced from them. 
Later, the ants were arranged in series, and they will be described further 
on (pp. 469-471). The results of these field observations are of course 
additional to those obtained by actually collecting and arranging other 
ants in series. So far as they agree with the results deduced from 
collected material (see pp. 469-471), they strengthen the conclusions 
drawn from that material. The classes had to be determined arbi- 
trarily, and were designated as “majors,” “intermediates,” and “ mi- 
nors.” ‘The numbers were also, as a rule, only approximate, and were 
classed as “many,” “some,” and “few,” except where actual numbers 
are given, when they always fel] under “few.” The approximate num- 
bers of individuals of each class occupied each day in each activity, 
then, were observed, and a summary was made first for each colony, 
and later a summary for all the colonies taken together. The lack of 
records in several of these activities (regurgitating and receiving re- 
gurgitated food, licking and being licked, and as a rule, surrounding 
the queen) is due to the fact that it is difficult, and often impossible, 
to observe them in an undisturbed out-door nest, and one must there- 
fore depend upon as natural conditions as possible in the laboratory to 
show facts concerning them. Though digging is not represented here, 
nevertheless I succeeded in capturing ants engaged in this activity 
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(p. 469). Fighting is probably partially represented by “ disturbed by 
knocking.” 

2. Observations. — In the out-door work on Camponotus herculeanus 
pictus it was evident that many more ants, probably even a greater pro- 
portion of the colony, took part in the various activities than was the 
case with Camponotus americanus in the laboratory ; and yet, when com- 
pared with the total population, it was noticeable that few were 
engaged in any kind of work at one time. This was best seen in 
foraging ; for no matter how many ants were in the field, when the 
nest was opened a vastly greater number of individuals was revealed 
within. 

In regard to those activities which were successfully observed in the 
field, it was found that the intermediates and minors take a much 
more active part than do the majors, and on the whole, the intermedi- 
ates are here slightly more active than the minors. 

Except for those ants which were captured, only two, an intermedi- 
ate and a major, were seen actually carrying in food. 

The majors were least active in “tending the young,” the intermedi- 
ates more active, and the minors most so. 

As for building, all sizes were seen carrying earth, though the two 
smaller sizes excelled in this, especially the minors. No ants were 
observed digging, except those which were captured. 

The act of carrying I think is most frequently manifested when the 
ants are somewhat excited, either by some disturbance or by the pres- 
ence of food. This activity is on the whole not very common, but in 
these out-of-door nests, the process seems to be one of actually carry- 
ing rather than of dragging, which was observed in the Barth nests 
(p. 467). 

My impression is very strong that, while all classes are disturbed 
when the nest is knocked upon or broken into, and while all will attack 
an intruder vigorously, it is on the whole the majors in this species 
which exhibit most zest in this response. They gnash their jaws, curl 
their abdomens forward under the rest of the body in order to throw 
poison on the enemy, and appear very savage. If they once get hold 
of an enemy, they cling with bull-dog tenacity, keeping a firm grip 
with their mandibles even after death. While all this is also true to 
some extent of the intermediates and the minors, it is the majors which 
are the fiercest. 

The note-book evidence, then, seems to show that the minors are 
the most active in tending the young, somewhat larger ants in foraging 
and in building, and that the majors are more or less reserved for fight- 
ing. There is, however, ro hard and fast division between classes 
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either morphologically or physiologically, and therefore, all that one 
can say is that ants of certain sizes predominate in a given activity. 

Another very striking conclusion which may be drawn from the field 
notes is that on the whole the majors are relatively inactive in all oc- 
cupations except fighting, while the other two sizes taken together are 
very active. Only a small proportion of the colony is at one time oc- 
cupied in any given activity. 


2. Captured Ants. 


1. Methods.— Ants of twenty-two colonies of Camponotus hercu- 
leanus pictus were studied in their natural out-door nests, as described 
on pages 467-469. When insects from the same nests had been killed, 
they were, as mounted specimens, arranged in series according to size, 
and a permanent record of each series was secured by means of pho- 
tographs showing the insects’ natural size. This was done to show 
particular facts given below. One series consisted of ants engaged 
in foraging (a, all the ants seen in the field; 5, ants seen carrying 
food in the field); a second, tending the young; a third, building 
(a, carrying earth; 6, digging; c, digging under excitement); a 
fourth, surrounding the queen; a fifth, carrying other ants; a sixth, 
being carried by other ants ; a seventh, fighting, 1. e. rushing out when 
the nest was disturbed, or running about excitedly five minutes after 
the nest had been disturbed. In order to compare the various colonies 
studied for each activity, the ants of each colony engaged in a given 
activity were arranged by themselves, according to size, from the small- 
est to the largest. Other series were also made, where no attention 
was paid to colonies, all the ants taking part in each occupation being 
arranged in a single series. 

2. Observations. — In the case of each occupation it was found that 
there was a perfectly graded series of sizes, 1. e. with no division into 
classes ; this means that all sizes take part in each activity which was 
tested. This was especially marked when all the colonies were ar- 
ranged in a single series. 

But when the various occupations were compared with one another, 
it was found that, although ants of various sizes shared in each activity, 
in some activities there is much more ofa tendency for the large ants 
to take part, while the smaller ants are more inclined to share m 
other activities. The smaller ants, for example, are much more apt 
to tend the young, while the larger ones are more prone to rush out 
when the nest is disturbed. Thus, I was able to group the series rep- 
resenting the several activities in such a way that the series in which 
the small ants predominated were at one end, and those in which the 
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large predominated at the other. The several series fell into the fol- 
lowing order, beginning with those in which the smallest sizes predom- 
inated : (1) tending the young, (2) foraging, including ants actually 
carrying food, — which was done neither by the very large nor the 
very small,—(3) surrounding a very young queen, carrying other 
ants, and being carried by other ants (the ants in these series being of 
about equal size), (4) building, (5) responding to external disturbances. 
It should be stated, however, that the three activities listed under 3, 
as well as that of actually carrying food, had only a few individuals in 
each. Of the other activities, tending the young was exhibited by 
114 individuals, foraging by 96, building by 42, and responding to 
disturbances by 56. A series was also made of 74 individuals which 
were tending the young under excitement, i. e. when their nests were 
disturbed ; these ants were, on the whole, much larger than those 
which were collected under normal conditions of tending the young. 
To watch this activity under normal conditions is more difficult than 
to watch several of the other activities ; but in some colonies the ants 
brought the young near openings in the nests, or in carrying them from 
one part of the nest to another, had to pass exposed places, so that I 
was thus able to observe and capture them. I was also able on some 
occasions to open the nest suddenly enough to see ants tending the 
young before they became disturbed. Although from the shape of the 
heads of all sizes of individuals one would not expect to find any special- 
ized guards, such as are found in Colobopsis (Lubbock, ’82 ; Forel, ’74 ; 
:03, p. 83; :05, pp. 453-454; Escherich, :06, p. 46; Wheeler, : 04°, 
:10, pp. 184, 211-212), nevertheless [| made an examination to see if 
there were any indication that special guards existed. This species 
does not appear to guard the entrances in any way, but, with the 
exception of those individuals which are going in and out, all individ- 
uals are more apt to stay quietly huddled together in chambers within 
the nest. By trimming off little by little the decayed wood of the 
nest, along the passages, working from the outside in, and taking 
great care to create no disturbance, I have succeeded in making this 
observation repeatedly. No queens were engaged in any of the activ- 
ities, probably because here there were a sufficient number of workers 
to attend to the needs of the colony. 

In order to see how much influence the size of the colony had on the 
sort of individuals participating in certain occupations, I noted, at the 
time the ants were collected, the size of the colony. ‘This had to be 
estimated roughly, and when statements of the size of a given colony 
were recorded on different days, these separate estimates were consid- 
ered in making up the final estimate; colonies were classed as very 
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large, large, small, and very small, but none of them were so small as 
those of C. americanus, which had been previously used. The mounted 
ants, arranged in series for each occupation according to colonies, were 
then compared colony with colony, keeping in mind the size of the 
original out-door colony from which they were captured. It was found 
that in regard to foraging, the sorts of individuals were practically the 
same, irrespective of the size of the colony. ‘There was, however, this 
difference in behavior, that the large colonies sent proportionately more 
workers into the field, probably because large colonies are apt to be less 
timid than small ones. Forel (74, p. 249) has also noticed this fact. 

While also proportionally mgre ants were active in tending the 
young in the large colonies, | failed to find any correlation between 
the size of the workers engaged in this activity and the numbers in the 
colony. In tending the young under excitement and in responding to 
disturbances, there were hardly any ants from small colonies, so that a 
comparison between large and small colonies could not be made for 
these activities. So few ants were seen bringing in food that it was 
impossible to ascertain whether such correlation exists in that activity 
or not. As it does not, however, exist in ants seen in the field, when 
those without food are considered together, it is highly probablo that 
it is also wanting here. In carrying other ants, in being carried by 
other ants, and in carrying earth, no correlation was found. 

Of course it must be remembered that, — as Wheeler (:02) found in 
Pheidole and Pricer (:08) in certain species of Camponotus, — in colo- 
nies which are extremely small because of poor nourishment, due to 
the youth of the colony or to other causes, there are no large workers, 
or at most only a few, and hence all the duties must be performed by 
the small ants. My remarks in regard to lack of correlation between 
the size of the cclony and the sorts of ants engaged in various activities 
would therefore apply only to such colonies as have all the sizes which 
are normal to them. Also, there are, in proportion to the whole num- 
ber of active ants, rather fewer large ants engaged in most of the activ- 
ities in these wild colonies than in the small colonies in artificial nests 


described above. 
iii. Correlation between Age and Function. 


1. Methods. — When an ant emerges from the pupal state it is very 
light in color, but begins almost immediately to grow darker, taking, 
according to the species, a longer or shorter time to reach its ultimate 
color tone. McCook (’79, p. 20), Forel (’74, p. 262), Pérez (:00, p. 769), 
and Mozeno (:00) claim that ants, when they first emerge, do not go 
out or fight, but attend to duties within the nest. That there is some 
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difference in regard to capability and strength of individuals of a given 
age in different species is stated by Wheeler (:00>, p. 63). He says that 
newly hatched queens, as well as worker callows, of Stigmatomma are 
soon able to run about and to join in the labors of the colony ; and they 
are not so feeble as the callows of more specialized ants. He also says 
(Wheeler, :07, p. 87) that the callows of many ants confine themselves 
to caring for the larvae and pupae, and do not forage till later. 

The difference of brightness occurs in Camponotus herculeanus pictus, 
especially in the thorax, and it has occurred to me to make use of the 
specimens collected at Randolph, N. H. (see p. 445), in order to see if 
there is correlation between brightness and various occupations. Of 
course, as Wasmann (:09>, p. 39) points out, there is some individual 
variation in the length of time required for the color to reach its maxi- 
mum darkness, but it is probable that on the whole the lighter ants 
are younger, and their strength less developed. 

In order to resolve this problem I proceeded as follows : The mounted 
specimens which had been captured at Randolph, N. H., sharing in 
particular activities, were first classified according to those activities, 
and then the ants of each activity were arranged according to color, 
and compared. 

2. Observations. — On the whole, the number of light or brightly 
colored ants was small, but they were of all classes. When the sepa- 
rate activities were observed, the following facts were noticed : 

1. In foraging, there were none of the very youngest, though there 
were a few somewhat lighter than those of the deepest color. 

2. There were a few ants engaged in “tending the young” which 
showed signs of being very callow, since they were of such light color 
that even the legs were very pale. I remember noticing when I col- 
lected these that they had not obtained their full strength. There 
were a good many ants of different sizes in which the thorax had a very 
bright color, and thus seemed to be young. Most of those which were 
tending the young under excitement had reached their maximum 
darkness, though there were a few which were fairly young. 

3. Of the few ants which were taken in the act of surrounding a 
queen, none had obtained their full color, and yet not any were very 
light colored. This was probably a young brood, the first from that 
queen, for the queen herself showed signs of being young, and there 
were only a very few ants in the colony. 

4. While most of the ants engaged in building were of full color, 
there were a very few brightly colored ones. 

5. While some of the ants which were being carried were of the 
maximum depth of color, it is somewhat curious that the majority 
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were rather light-colored, and some gave evidence of being very young, 
their color being in general pale, even in the legs. On the other hand, 
those which were doing the carrying were almost universally dark, and 
none of them were very bright. Those which were being carried were 
probably more or less weak. 

6. When those which responded to disturbances of the nest were 
examined, it was found that all had at least nearly reached the maxi- 
mum depth of color, and most of them had quite reached that stage. 

Thus it may be seen that, as has been claimed for other species and 
for ants in general, the young workers of this species sometimes build, 
and sometimes are carried about ; but they are especially engaged in 
tending the young (eggs, larvae, or pupae). Occasionally young indi- 
viduals, though not the youngest, carry other ants, or are found in the 
field, but only the fully colored ants share in defence. 


iv. Conclusions for Camponotus herculeanus pictus. 


To summarize the facts concerning Camponotus herculeanus pictus 
when studied in Barth nests or by any of the methods used in the 
field : 

1. No males were seen to share in the duties of workers. 

2. The very youngest ants take part especially in tending the eggs, 
larvae, and pupae, and sometimes in building, and they are apt to be 
carried by their companions, but they do not go into the field until 
they are somewhat darker than the very young stages, though they 
may do so while still retaining some brightness of color. The ants of 
this species do not, however, enter into the defence of the nest until 
they are dark. 

3. Only a small proportion of the whole number of ants in a colony 
is engaged at one time in any activity. 

4. Though more ants in proportion to the size of the colony are 
active in large colonies than in small ones, nevertheless this does not 
seem to make a difference in the kind of individuals engaged in differ- 
ent sorts of work, provided that the colony is of sufficient age to con- 
tain ants of all sizes. It must be remembered, however, that in the small 
colonies in artificial nests rather more large ants, in proportion to the 
whole number participating, were engaged in the various activities 
than was the case in out-door nests. 

5. All classes may take part in carrying food, but the intermediates 
are the ones which do this most. Intermediates are also more likely 
to be found in the field, apparently foraging. 

6. While individuals of all classes regurgitate food and receive re- 
gurgitated food, it is probable that the two smaller classes, especially 
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the intermediates, are more addicted to regurgitating, and the majors 
to receiving regurgitated food. 

7. In tending the young, the majors are least active, the intermedi- 
ates more so, and the minors most so. When excited, larger ants enter 
into this activity somewhat more than they do under normal conditions. 

8. In building, all sizes were seen carrying earth, though the two 
smaller sizes especially excelled in this. In digging, the intermediates 
were also the more active. The evidence in regard to building is 
somewhat conflicting, the field notes indicating minors and the Barth 
nests majors and intermediates as the more active. As the captured 
ants can, after all, be studied by more exact methods than those in 
the field, I am inclined to accept as correct the results obtained with 
the use of nests. 

9. Carrying and being carried seem to take place most frequently 
when the ants are somewhat excited, either by some unnatural dis- 
turbance or by the presence of food. These activities are, however, 
not very common. ‘The process is sometimes one of dragging, but 
often it is one of actually carrying, and the minors and majors seem 
often to be transported by other ants, and the intermediates to be car- 
rying them. 

10. All three classes took part in licking, but the majors slightly 
less than the other two classes. ‘he majors seemed never to be licked, 
and the minors seldom, the intermediates being most often the objects 
of this activity. The evidence on this activity was, however, slight ; 
nevertheless, it is probable that majors, too, are licked. 

11. Ants of all sizes may surround the queen. 

12. While all classes will attack an intruder when the nest is dis- 
turbed, the majors are the most savage. 

13. There is nothing in C. herculeanus pictus resembling the process 
of guarding seen in Colobopsis. 

14. There is no hard and fast distinction between classes, either 
morphologically or physiologically — for in each activity there is a per- 
fectly graded series with no break into classes — but only a preponder- 
ance of ants of certain sizes in certain activities. 

15. The duties in which the small ants, i. e. intermediates and 
minors, excel may be called the “household duties,” and foraging. 

16. The majors are relatively inactive in all occupations except 
fighting, while the other two sizes taken together are very active. 
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VI. Srupres or PHEIDOLE. 
A. Pheidole milifera. 
i. Experiments with Ants in Aluminum Nests and Other Apparatus. 
1. Methods in General. 


I made use of four colonies of Pheidole pilifera from Cambridge, 
Mass. In order to ascertain whether in these ants there is any corre- 
lation between habits on the one hand and size and structure on the 
other, an attempt was made, as with Camponotus americanus (pp. 446- 
465), to discover what proportion of each class (see pp. 438-440) took 
part in each of several activities. 

In most cases I have endeavored to ascertain (a) the proportion of 
the whole number of working ants which engage in a given activity, 
and (b) the relation, if any, between the size of the individuals and the 
sort of activities which they showed ; but in fighting, in carrying, and 
in partaking of different kinds of food, I have considered only the sec- 
ond of these two matters. 

All experiments, unless otherwise stated, were performed in alumi- 
num nests ten inches long, six inches wide, and half an inch deep, kept 
under the conditions described on pages 440-442, and in all cases both 
chambers were exposed to daylight and ordinary room temperature 
during observations. At other times the chamber not containing food 
was darkened by a pasteboard cover and the nest was placed in the 
heated chamber. 


2. Feeding Themselves. 


1. Methods. — To make sure that all the ants which partook of food 
were observed, the food, on paraffined paper, was pleced in the chamber 
with the ants, the paper and the food being removed whenever the ants 
were not under observation. ‘T'’o give the ants an environment as nat- 
ural as possible, the chamber in which they lived was provided with 
damp earth. During observations a record was made of the number 
of ants of each class which partook of food during one hundred and 
fifty periods of one minute each. 

2. Observations. — For convenience of comparison, the results of the 
observations on the various activities of the several species are all placed 
together in T'able VII. Except for fighting, carrying, being carried, and 
kinds of food, of which mention will be made in appropriate places, this 
table was compiled as follows. ‘The first column in the table gives the 
number of the colony, and the first column under each activity shows the 
number of observations made upon the colony concerning that activity. 
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The second column under each activity gives the average number of 
workers in the colony, the fourth and sixth the average numbers of the 
two classes of workers (soldiers and minors, respectively) in the nest 
during the observations on that activity. It was necessary to take 
the average number rather than the total number, because of the death 
of some individuals between series of observations when the whole of an 
experiment on a colony could not be carried out at one time. In many 
cases this was equal to the total number of individuals at the begin- 
ning of the experiment, no deaths having occurred. The third, fifth 
and seventh columns under each activity give the average per cent of 
the workers as a whole and of the respective classes (soldiers and 
minors) which took part in each activity. These were found by di- 
viding the sum of the per cents of those which were active at each ob- 
servation by the total number of observations, usually 150. Dots 
signify that a particular experiment was not made upon the colony 
opposite which the dots appear, as, for instance, opposite colony 81, 
“feeding,” “‘regurgitating,” etc. ‘This was usually due to the death 
of the whole colony before the experiment on that form of activity 
could be carried out, but in the case of “surrounding the queen” the 
absence of records is due to the fact that most of the colonies had no 
queen. Colonies 81, 86, 87, and 91 were Pheidole pilifera ; 82, 83, 
and 84 were P. dentata ; while colony 58 was P. vinelandica. 

Of Pheidole pilifera, only one colony (86) was tested in the matter 
of feeding. Of all the workers, including both soldiers and minors, the 
per cent engaged in feeding was small (0.003 per cent). In this case, 
the soldiers did not take part at all. 


3. Regurgitating and Receiving Regurgitated Food. 


1. Methods. — As these two sets of activities are necessarily recipro- 
cal, they were noted at the same time. At two-minute intervals the 
number of ants of each class engaged in regurgitating food was re- 
corded, and likewise the number of each class which were receiving re- 
gurgitated food. As the ants were inclined when opportunity offered 
to hide in the earth, a wet sponge, to provide both drinking water for 
them and dampness for the atmosphere, was substituted for earth. To 
prevent the ants from hiding in this sponge it was wrapped in cheese 
cloth, the edges of which were securely sewed together so as to leave 
no openings. When this was done great care had to be taken to pre- 
vent the sponge from drying. This sponge was placed in one chamber 
and food in the other. 

2. Observations. — Three colonies of Pheidole pilifera were observed 
in these experiments. Here, again, there were very few ants (0.01 per 
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cent) actively or passively engaged, and in one of the three colonies 
(87) there was no such activity during my observations. In each of 
the other two colonies the percentage engaged in this process was 
about equal, but as there was considerable difference in the whole 
number (89 and 173) of ants in these colonies, it follows that the 
number engaged is not closely correlated with the number of ants in 
the colony. 

In this species I saw no soldiers either regurgitating or receiving re- 
gurgitated food. In one nest, as before stated, this activity was not 
seen at all; in the others, minors fed minors, 0.01 per cent giving and 
0.01 per cent receiving food in each colony. In this species, then, so 
far as my observations go, regurgitating is limited to the minors. 


4. Licking and Being Licked. 


1. Methods. — These two sets of activities, being also reciprocal, 
were observed at the same time. In one chamber was a wet sponge 
covered with cheese cloth; in the other, food. Observations were 
made once every two minutes, and the number of ants of each class, 
both those licking other ants, and those being licked, was recorded 
separately. 

2. Observations. — One hundred observations were made on each of 
three colonies. Here, too, only a few ants licked or were licked (0.2 
per cent, 0.7 per cent, 0.5 per cent; and 0.2 per cent, 0.6 per cent, 0.5 
per cent), and the per cents of ants so engaged in the different colonies 
of the species do not agree closely. In this species of Pheidole the 
proportion of ants engaged seems to be independent of the total num- 
ber of ants in the colony. 

In all cases in this species the minors were more active than the 
soldiers, as the latter did not lick other ants at all. In the matter of 
being licked, two colonies gave more minors (0.2 per cent > 0 per cent ; 
0.6 per cent > 0.4 per cent), and one, more soldiers (0.5 per cent < 1 
per cent). 

5. Tending the Young. 


1. Methods. — In this experiment it was not practicable to have 
earth on the floor of the nest, as the ants were inclined to make use of 
the earth in which to hide their young ; therefore a wet sponge covered 
with cheese cloth was put into one of the chambers, while the food was 
placed in the other. At intervals of one minute a count was made of 
the number of ants of each class holding young in their mouths, or 
otherwise seeming to care for them. As an individual in possession of 
young frequently held them for a long time, the young, after each ob- 
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servation, were taken from any ants carrying them, and placed on the 
floor of the nest, so as to give all ants as nearly as possible an equal 
chance to pick them up. 

2. Observations. — One hundred observations were made on a single 
colony of P. pilifera. The other colonies contained no young. In this 
colony only a few workers (2.6 per cent) were engaged in this activity, 
no soldiers sharing in it. 


6. Building. 


1. Methods. — In order to watch the ants while building, one cham- 
ber was provided with damp earth. This was placed on the floor 
of the chamber, and was of such depth that the ants could not wholly 
secrete themselves in it. Food was placed in the other chamber. 
As an aid in counting the ants, the pane of glass which covered 
the chamber containing earth was ruled into half-inch squares. Ob- 
servations were made at five-minute intervals in the case of one colony 
(81); in all other cases the interval was two minutes. At each obser- 
vation a count was made of all ants of each class which were either 
digging or carrying earth. 

2. Observations. — One hundred and fifty observations were made 
on colony 81, and on the others (86, 87, 91) one hundred each. 

Although the per cent of active ants here was somewhat greater than 
in the activities previously considered, still it was small (0.8, 2, 0.4, 
0.2). It was not correlated with the whole number of ants in the 
colony. 

In two colonies (87 and 91) the soldiers did not build at all, and in 
one of the others (86) the minors were the more active ( 2 per cent > 
1 per cent), in the remaining colony (81) the soldiers were the more 
active (0.6 per cent <1.4 per cent). Considering all the colonies to- 
gether, the greater activity was decidedly on the part of the minors. 


7. Surrounding the Queen. 


As there were no queens in any of the colonies of Pheidole pilifera, 
I was obliged to omit observations in regard to this subject on this 
species. 


8. Guarding. 


1. Methods. — For the purpose of observing which individuals served 
as guards to protect or warn the colony in time of danger, the ants 
were allowed to build a nest of earth in one chamber; food was placed 
in the other. In order to stimulate the ants and to discover whether 
any individuals were stationed as guards at the entrances of the earth 
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nest, and if so, to which class or classes they belonged, the entrances 
to the nest were probed with a bristle either once every five minutes 
(colony 81) or once every minute (colonies 86, 87, 91). The number 
of ants of each class emerging from these entrances at each observation 
was recorded. Often the first individual to come from the entrance 
attacked the bristle with widely opened jaws, in some instances even 
clinging to the bristle. Sometimes, however, it rushed out excitedly, 
with open jaws, and then hurried back into the hole, whence it often 
emerged again, sometimes followed almost immediately by one or more 
other ants. In such cases the class to which these accompanying ants 
belonged was also recorded, though they were not considered as be- 
longing among the original guards. 

2. Observations. — Four colonies of Pheidole pilifera were experi- 
mented on by making one hundred and fifty observations on colony 81, 
and one hundred observations on each of colonies 86, 87, and 91. 

Only a very small per cent (0; 0.2; 0.1; 0.3 respectively) were en- 
gaged in this activity, one colony giving no response ; moreover, the 
number was not correlated with the whole number of ants in the 
colony. 

In two of the responsive colonies (86 and 87) of this species, the 
soldiers were not represented ; in the other they were slightly more 
active than the minors (0.2 > 0.03) ; but we may say of this species 
that on the whole the minors were the more active. 

9. Fighting. 

1. Methods. —In this activity it was impossible to deal with per 
cents of the colony as a whole, because when an enemy was introduced, 
all the ants of the colony rushed about in such a lively and excited 
manner that it was out of the question to count even those which at- 
tacked it. Accordingly the soldiers of the colony were placed in a 
Stender dish, 5.5 cm. in diameter, and an equal number of minors were 
placed in another Stender dish of the same size. If a minor was killed, 
another was put in its place, but if a soldier was killed, the number of 
minors was reduced by removing one of the minors, so that the number 
of ants in the two dishes was constantly equal. The observations con- 
sisted in counting for one-minute periods the number of ants clinging 
to an enemy which was placed for that length of time alternately with 
the soldiers and with the minors. The enemy introduced was an ant 
from a colony of Camponotus americanus. | 

2. Observations. — Fifty observations were made on each of two colo- 
nies of Pheidole pilifera (colonies 86 and 87). Under “ Fighting,” 
and “ Carrying and Being Carried,” in Table VII the first column gives 
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the number of observations, the second and fourth the average number 
of soldiers and of minors respectively used in the experiment, and the 
third and fifth columns the average per cents of soldiers and of minors 
respectively which took part in this activity. 

It will be noticed that in fighting, the per cents of ants attacking an 
enemy are fairly large (27.9, 18.7 ; 25.6, 6.3) and that the soldiers were 
much more active than the minors. 


10. Carrying and Being Carried. 


1. Methods. — These activities occurred so rarely that I have not ex- 
perimented in regard to them. However, when I have seen one ant 
carrying another, I have recorded the fact, as well as the class to which 
each belonged, and the number of each class present in the colony at 
the time of the observation, so that 1 might judge of the proportions, 
which would be in some degree comparable with those in the other 
activities. Though these observations were few, perhaps too few to 
make it safe to draw conclusions from them when they stand by them- 
selves, nevertheless, in connection with other observations on the same 
activities, they may have some value. 

2. Observations. — Carrying was observed to take place in only one 
colony (86) of P. pilifera. In this colony no soldiers were active in 
either carrying or being carried. The per cent of minors (7.3 per cent) 
engaged in carrying and being carried was therefore the same, and one 
table answers for both. 


11. Partaking of Different Kinds of Food. 


1. Methods. — According to the accounts of Reichenbach (’96, p. 
xcv) and Wheeler (:02, p. 770), it seems probable that different 
classes of ants have different tastes in regard to various kinds of food 
and different ways of treating it. Accordingly, while making my other 
observations on feeding, I have tried to discover whether one class 
interests itself in certain kinds of food and the other class in other 
kinds. ‘T'o this end I recorded the class to which each ant seen at the 
food belonged, and also the kind of food of which it was partaking. 

2. Observations. —One colony (86) of P. pilifera was observed, 
and in this colony only one ant (a soldier) ate, its food being a meal- 
worm. During these observations no ant ate grass-seed. That this 
species does eat grain, and even grass-seed, I feel sure from Wheeler’s 
(:064, p. 380) observations and from my own observations in the 
field ; moreover Wheeler states that in the grain-storing species of 
Pheidole, the soldiers act as seed crushers for the community. 
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12. Relation of Classes to Various Activities. 


From the foregoing account it is evident that, at least under the 
conditions employed, both classes of Pheidole pilifera share in most 
of the activities which were examined. In treatment of seed, no activ- 
ity was shown by either class. The soldiers of this species took no 
part in either feeding, tending the young, regurgitating, receiving 
regurgitated food, licking, carrying or being carried ; but they were 
more active than the minors in fighting. In being licked, the two 
classes shared nearly equally, but in all other activities the minors 
excelled (feeding, regurgitating, licking, tending the young, building, 
and carrying), occupations which may be called “household duties.” 
Carrying, in which the minors alone engaged, may be correlated with 
the size of the head, for the body of a minor would be better balanced 
when performing this duty than would that of a soldier. Guarding, 
though shared apparently to a greater extent by the minors, seems to 
be more or less accidental, and does not here consist — as in Colobopsis 
and a species of Pheidole recorded by Reichenbach — of blocking the 
entrances of the nests with the head. If it did, we should expect to 
find always the same sort of worker at the same opening, which is not 
the case in any of the species of Pheidole which I have studied. The 
act of guarding seems here to be rather the result of the fact that, as 
ants pass in and out, or are otherwise near an opening, they rush out 
when disturbed. Now, the soldiers are not apt to leave the nest, and 
hence are probably not as often near the openings, which would ac- 
count for the greater number of minors found guarding. 

But if the minors are pre-eminently occupied with household duties, 
the soldiers seem to be concerned with occupations requiring strength 
of jaw, such as fighting, and though the minors help them in this, 
there is much difference between the two classes in regard to this 
activity. Moreover, when in the presence of the enemy, the soldiers 
ran about snapping their jaws in a much more ferocious way than did 
the minors, and they never ran away, whereas the minors frequently 
did. We may, then, say that in this species the minors are, in gen- 
eral, more concerned with “household duties,” and the majors with 
fighting, and, as Wheeler has shown, with crushing seed. 


ii. Studies of Pheidole pilifera in Barth Nests. 


1. Methods. — The methods here employed were exactly like those 
described for Camponotus pictus (pp. 443 et seq., 465), except for the 
difference in size of the nests. These nests were 5 inches in diameter, 
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43 inches high, and had } inch space between the two jars. ‘T'wo col- 
onies were under observation. 

2. Observations. — There were neither queens nor young of Pheidole 
pilifera in the nests, and hence evidence on the activities of surround- 
ing the queen and tending the young is necessarily wanting. Only a 
small part of the colony took part at any one time in any of the activi- 
ties observed. 

Though I several times tried the same experiment with the meal- 
worm which was tried in the field (p. 486), 1 never got a response. 
This experiment consisted in placing a meal-worm near the nest, and 
noticing whether either class broke it to pieces. 

Unfortunately the ants all died before I was able to try any experi- 
ments on fighting. I had purposely left this experiment till the last, 
because of its destructive outcome. However, if responding to a dis- 
turbance of the nest caused by knocking on the glass or tampering 
with the earth at the top of the nest be any indication, it may be said 
that both classes respond pretty generally every time; but the soldiers 
seem to be much more excited than the minors by such stimuli. 

I did not see any scavengers in these nests. 

In regard to foraging, the minors were seen in the well and on top of 
the earth much oftener than the soldiers ; the latter kept almost wholly 
underground. 

No soldier was ever seen carrying in food or preparing seed, but a 
few minors were noticed doing both of these things, especially the 
carrying of food. Once, however, when a minor brought in a seed and 
placed it near a soldier, the latter became excited, waving its antennae 
in the air. Presently it left the chamber, but returned almost imme- 
diately, and for a short time remained near the seed perfectly quiet. 
Soon it left again, and did not return while I watched the nest ; where 
it went I was unable to see. It did not at any time touch the seed, 
and the cause of its excitement may have been something wholly dif- 
ferent. Once I saw a soldier carry a seed from one part of the nest to 
another; and on another occasion four small ants each tried unsuccess- 
fully to drag a soldier toward a pile of seed. When the small ants 
broke up seed, they sometimes pulled at different parts of the same 
husk, and sometimes each attacked a seed alone, pulling off pieces of 
the husk with its jaws. Chaff was commonly found in the deeper 
parts of the nest and under the well. Though “breakfast foods” of 
various kinds (“Quaker ” oats, hominy, rice, corn meal) were placed on 
the surface of the nests, I never saw the ants split these. They were 
carried in, however, especially the Quaker oats, but the ants seemed to 
much prefer grass-seed. 
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On only a few occasions did I see minors feeding themselves, and 
soldiers never ; nor did I see the latter receive any regurgitated food. 

The small ants were much more likely to lick other ants than were 
the soldiers, of which I saw only one engaged in this performance. The 
minors were just as much inclined to lick one class as the other. 

Though I did not see many ants engaged in building, there was a 
division of this kind of labor between the two classes. The carrying 
of earth was all done by the minors, whereas all the digging observed 
was the work of soldiers (four individuals, not all from the same 
colony). The digging consisted of using the front feet, much as a dog 
does in digging a hole in the ground, and also in breaking off pieces 
of earth with the jaws. I have also seen soldiers, by squeezing their 
way through narrow passages in the galleries, loosen earth, which the 
minors then carried away. 

Only minors have been seen dragging other ants, and only soldiers 
were being dragged. Had those which were being dragged been small 
enough, they probably would have been carried, for this activity seems 
to correspond to that which is properly called “carrying” in cases 
where the ants being transported are small; such, for example, as were 
observed in this species, both in aluminum nests and in the field, and 
likewise in Camponotus (p. 468). 

T'o sum up the facts concerning the relative participation of the two 
classes in the various activities as far as observed in Barth nests, it 
may be stated that all the digging was done by soldiers, and that they 
were more excited in responding to disturbances of the nest, but that 
in all other functions they were less active, not sharing at all in some 
of them. There was no evidence of guarding. 


iii. Out-door Work on Pheidole pilifera. 
1. Methods. 


Essentially the same methods were used in studying Pheidole 
pilifera as in that of Camponotus pictus, except that, owing to the 
distinctness of classes, it was possible to make and record final obser- 
vations as to class without the necessity of killimg and preserving 
for subsequent study so large a number of ants observed in the dif- 
ferent activities. There are occasionally individuals intermediate 
in form between the extreme classes, but they are so rare as to cause 
no danger of confusion. I have had so little chance to.observe them 
that I am not prepared to say just what their functions are. Fre- 
quently records were made of the number of ants of each class in a colony 
seen engaged in a given occupation during a certain period, usually of 
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five minutes’ duration. Sometimes ants of this species were captured 
and preserved in alcohol and then mounted in series, as described 
above for Camponotus (p. 469). Eighteen colonies were studied. 


2. Observations. 


1. Field notes. — In these studies, as in those on Camponotus pictus, 
certain activities were not recorded. This was due to the fact that, 
for the most part, these activities are carried on below ground, and 
hence are not to be seen without disturbing the nest. 

In regard to the other activities, it appeared that here as in Cam- 
ponotus pictus when studied in the field, the proportion of ants engaged 
in any activity at one time was very small in relation to the total 
number of ants belonging to the colony. On the whole, the minors are 
much more alert in all activities, it being only rarely that the soldiers 
take any part at all. Thus, carrying food, tending the young, carrying 
other ants, fighting and scavengering are functions in which only the 
minors take part; while in other duties (foraging, cutting up meal- 
worms, carrying earth, and being carried), though both classes partici- 
pate, the minors exhibit the greater activity. I have never seen the 
soldiers eating mm the field. There is, moreover, no function which 
belongs exclusively to the soldiers. The question is whether there is 
any function to which this elass is exclusively adapted. Wheeler 
(:02, p. 770) says that in Pheidole, the soldiers of the grain-storing 
species crush seed, breaking up the hard shells, while those of the 
carnivorous species cut up the hard chitinous joints of insects. He 
states that, in some species, the soldiers deserve their name, while in 
others they are cowardly. I have never seen Pheidole piltfera in the 
field tearing seeds apart or crushing them. As to eutting to pieces 
large insects, I have frequently seen the soldiers pass by large insects 
which they found in the field, or the meal-worms which I placed near 
the entrances of the nests, whereas the same food was frequently 
carried in by the minors, either in separate bits or as a whole, by the 
combined action of a number of ants. Only once have I seen a soldier 
engaged in cutting up an insect. On this occasion I placed a meal- 
worm, which was dry and had been partly eaten by its comrades, near 
the entrance of the nest where many minors were going and coming. 
Almost immediately two minors began to feed on it, and others soon 
joined them. After five minutes, when one had eaten, it entered the 
nest, and almost immediately a number of other minors emerged and 
began to eat the meal-worm. Then they began to break off bits of the 
insect and to carry it into the nest. All the ants which emerged from 
the entrance now went to the meal-worm. After fifteen minutes the 
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first soldier made its appearance, and with its huge jaws began to cut 
the meal-worm, always returning to the nest after every three or four 
cuts had been made. After a time the ants tried to carry the whole 
carcass into the nest, but found it too large, so they only succeeded 
in moving it to the entrance. I do not feel sure whether or not the 
soldier carried any pieces into the nest, but the minors certainly did, 
and they also broke off little bits. If the soldier carried nothing back 
into the nest, I am at a loss to explain why it kept returning there. 
This is the only time I have seen such a performance. It would 
seem that while the soldiers of this species sometimes cut up in- 
sects in the field, it is not very common for them to do so; but 
perhaps this sort of work is carried on to a greater extent within 
the nest. 

In regard to fighting, I tried a number of times throwing down a 
colony of Lasius (sp 7?) upon a Pheidole nest. Sometimes no fight fol- 
lowed, the ants of the two species not happening to meet each other ; 
but when a struggle did ensue, the soldiers were much more sluggish 
than the minors, which attacked Lasius vigorously. Even when the 
soldiers came in contact with the enemy, they did not succeed in grasp- 
ing them, though they snapped at them. Possibly the Lasius workers 
were too quick for them, or the jaws of the Pheidole soldiers are not 
adapted for grasping the legs of Lasius. However, I have already 
(pp. 481-482) given evidence to show that the soldiers of Pheidole 
pilifera do fight. Forel (’74, p. 246) describes the different manner 
in which ants fight with enemies larger or smaller than themselves. 
When the enemy is larger, the small ants try to grasp its antennae or 
its legs, which is just what happened when Pheidole was fighting with 
Camponotus. But Lasius, though slightly larger than Pheidole, was 
more nearly of the size of Pheidole, and the small workers were there- 
fore better able to cope with Lasius than with Camponotus. 

From the field-notes on Pheidole pilifera, then, it appears that the 
minors are, on the whole, much more active than the soldiers. The 
soldiers in the field appeared very sluggish, moved more slowly than 
the minors, and were rarely occupied. 

2. Captured Ants. — The studies on captured specimens of Pheidole 
pilifera yielded the following results: Out of a total number of 288 
ants collected in the field, around the natural nests, only, four were 
soldiers. Of these 288 ants, 92 minors and only one soldier carried 
food. There were thirty-seven minors and no soldiers captured build- 
ing, i. @. carrying earth out of the nests ; five minors and no soldiers 
tending the young under conditions causing excitement; one soldier 
being carried, and two minors carrying. From this it is:evident that, 
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at most, the soldiers take little part in these occupations. Of the 
minors which were taken empty-mouthed in the field, one was hardly 
half the normal size, and was very light in color. 


iv. Conclusions from all Studies on Pheidole pilifera. 


1. Only a small portion of the whole colony is engaged in any of 
the activities of the colony at any one time, whether observed in the 
laboratory or in the field, though in the field the proportion is larger 
than in the laboratory. 

2. The proportion of ants engaging in any particular activity is 
probably not closely correlated with the number of ants in the colony, 
though in very large colonies more ants take part than in very small 
ones. 

3. The size of the colony does not seem to make much difference 
as to kind of ants engaging in the various activities, so long as both 
classes are present, and there is not great difference in the sizes of the 
colonies. Moreover, the classes behave in essentially the same manner 
in this respect whether the colonies are studied in the laboratory or 
in the field. There are, however, more ants of each kind active in 
the out-door’ nests than in the artificial ones, and*on the whole, a 
greater proportion of soldiers are active in the laboratory than in the 
field. 

4. The minors were much more active than the soldiers in obtaining 
food for themselves. 

5. No soldiers were seen regurgitating or receiving regurgitated 
food, but minors regurgitated to minors. 

6. No individuals were seen to eat grass-seed, but a soldier ate 
meal-worm when caged in an aluminum nest. 

7. Minors alone took part in carrying in food, with the exception of 
one soldier which was captured, though soldiers were occasionally seen 
in the field, and once a soldier was observed carrying a seed from one 
part of a Barth nest to another. 

8. In scavengering, only minors took part. 

9. No soldiers broke or crushed grass-seed, though such seed is 
found in the nests, and minors carry it home. Minors, however, have 
been seen breaking seed. 

10. Both soldiers and minors were seen cutting up a meal-worm. 

11. The minors were active in licking, but I saw only one soldier 
taking part in this occupation, this one being in a Barth nest. Both 
classes were licked, but the minors somewhat more frequently than the 
soldiers. 

12. No soldiers showed any evidence of taking part in tending the 
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young, even in the out-door colonies when excited, but the minors 
were fairly active. 

13. The greater activity in building was decidedly on the part of 
the minors, though both classes carried earth and both dug. Prob- 
ably the soldiers, with their large jaws, are better fitted to do this work 
than they are to share in some other functions, such as tending the 
young, for example, and hence their relatively increased activity in 
this duty. 

14. There was no guarding of the kind observed in Colobopsis by 
Wheeler and by Forel. However, when the entrances of the nests 
were disturbed, both classes were inclined to rush out, though the 
minors were somewhat the more active. 

15. When confined in Stender dishes it was found: First, that the 
proportion of ants engaged in fighting is unusually large for both sol- 
diers and minors. ‘This is probably due in part to the difference of 
methods from those employed for the other activities, the ants being 
here confined in so small a space as to have a very large chance of 
stimulation ; and in part to the nature of the activity, which is of 
such a character that we should expect a large proportion of individ- 
uals to share in it. Secondly, the soldiers were much more active in 
fighting than were the minors, and they were more successful in grasping 
the legs and antennae of Camponotus, while the minors seized the body 
hairs of their enemies. On the other hand, in the field, the minors 
seemed more successful in fighting with Lasius. The soldiers were 
much more active in responding to disturbances caused by knocking 
on the nest. 

16. In aluminum nests no soldiers were active in carrying or being 
carried. In Barth nests, soldiers were dragged more commonly than 
minors, but did not drag or carry other ants. 

17. The minors show greater activity in foraging and in all “ house- 
hold duties.” 

18. The minors are much more lively in those activities in which 
they share than are the soldiers. 

19. There is no hard and fast line between the duties undertaken 
by separate classes, and in most duties all individuals are capable of 
sharing. There is, nevertheless, in each activity a preponderance of 
ants of a certain class taking part. 


B. Studies on Other Species of Pheidole. | 


1. Methods. — Three colonies of Pheidole dentata, from Austin, 
Texas, and one of Pheidole vinelandica, from Highlands, New Jersey, 
were studied in exactly the same way as Pheidole pilifera in aluminum 
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nests and other apparatus, except for slight differences in the number 
of observations or in the length of time of the observations. I had no 
opportunity for studying these ants by the other methods used on 
P. pilifera. 

2. Observations. — Since the conclusions for these two species in the 
main closely resembled those for P. pilifera, | have considered them 
merely as a control, and I shall give only the points in which they dif- 
fer from P. pilifera. The numerical values are given in Table VII. 


I. Pheidole dentata. 


1. In Pheidole dentata, though the minors were more active in re- 
gurgitating, as also in receiving regurgitated food, soldiers appeared 
to take some part in receiving regurgitated food. 

2. Occasionally soldiers were seen carrying larvae. 

3. No soldiers were observed carrying other ants, and only minors 
were carried. 

4. Only minors ate meal-worms. Both classes ate honey. 

5. No soldiers and no minors were seen to crush, break, or eat grass- 
seed. ‘This is what we should expect, since Pheidole dentata is a purely 
carnivorous species. 


Il. Pheidole vinelandica. 


1. Surrounding the Queen. (a.) Methods. —This was the only spe- 
cies in which I had a colony containing a queen. ‘The ants of this 
genus have, like other ants, a tendency to gather in groups around the 
queen. ‘The number of ants of each class sharing in this grouping 
was noted once every five minutes. ‘T'’o keep the ants from secret- 
ing themselves under the sponge, thus making observation difficult, the 
sponge was removed. There was food in one chamber. 

(b.) Observations. — Only 41 observations were made on the colony 
of P. vinelandica, because the queen died before further observations 
were possible. The proportion of workers surrounding the queen was 
somewhat higher (12.4 per cent) than in any of the other activities. 

In this case both classes shared in the activity, but the minors were 
more active than the soldiers (13.4 per cent > 11.9 per cent). 

2. Though the soldiers, when confined in artificial nests, seemed 
more active in feeding, the minors of this species appeared to me to be 
much more numerous around the natural nest in the field, even in pro- 
portion to their numbers in the colony. If more than one colony had 
been accessible at the time of the experiments in the artificial nest, the 
results with this species might have resembled those with the other 
species more than these records show. ‘There are two possible expla- 
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nations for the apparent greater activity of the soldiers of this species 
in feeding: First, the amount of difference between the two classes 
may not be real, both being about equally concerned in this activity. 
Secondly, the greater activity of the minors in the field may be due to 
the fact that they collect more food than they need for themselves, 
and later regurgitate it from their crops to other individuals. In the 
case of colony 58 they may have taken only enough for themselves, so 
that they were here less active than usual, and in consequence, the 
soldiers appeared relatively more active. In view of the facts that 
the minors usually regurgitate and soldiers receive, that soldiers at 
best give out food only very seldom, and that soldiers of Pheidole pili- 
Jera, and probably also of this species, appear only rarely in the field, 
I am inclined toward the second explanation. 

3. The soldiers were more licked than were the minors. 

4. Though, as in P. pilifera, the minors were most concerned in 
tending the young, on one occasion a soldier was seen with-young in 
its mouth. 

5. In surrounding the queen, both classes took part, the minors be- 
ing somewhat more active than the soldiers. This was the only colony 
of Pheidole in which this activity was tested. 

6. Though the nature of guarding resembled that found in P. pili- 
Sera, the soldiers in P. vinelandica seemed much more active than the 
minors. 

7. Though carrying and being carried were looked for, no cases were 
observed. 

8. No individuals of either class crushed or broke up grass-seed. 


VII. Discussion. 


Having given in the historical part of this paper some account of 
the work of other writers on division of labor among ants, and having 
recorded my own observations on several species, we may now state such 
conclusions concerning the division of labor as seem warranted by the 
facts already established. 

1. It will be remembered that Forel (95, p. 146) and Escherich 
(:06, p. 45) state for ants in general that polymorphism goes hand in 
hand with division of labor. Many examples of this are cited in the 
historical part (II) of this paper. 

Of the species which I have studied, Camponotus americanus and 
C. herculeanus pictus are examples of a graded series of workers ex- 
tending from the smallest to the largest with no break in the line, and 
in many characteristics the queen closely resembles the largest worker. 
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Pheidole pilifera, P. vinelandica and P. dentata, on the contrary, 
belong to the group described by Emery (’94, p. 55) as having 
two classes of workers, the extremes not being connected by inter- 
mediates. 

The large size of the larger workers of Camponotus, especially the 
great size of the head and its disproportionate width, which are corre- 
lated with greater strength of jaw, adapts them particularly for com- 
batting enemies and for work requiring great strength. The small 
workers, owing to their size, are better adapted to pursuits which re- 
quire agility. However, their jaws and the general proportions of 
their bodies probably fit them better for carrying loads, such as larvae, 
pupae, earth, wood, food, etc. In the workers, the position of the 
eyes, the depth of the head, and the shape of its posterior margin are 
probably caused by the greater development of the clypeus and the 
mandibles. But in all these structures there is a gradual transition in 
size fronr one end of the series to the other. 

In Pheidole pilifera, however, the case is different. Though the same 
parts of the head that are variable in C. herculeanus pictus are also sub- 
ject to variation in this species, there is not a graded series; there 
are only three well-marked conditions, a queen, a large worker and a 
small worker. ‘The small worker, especially because of its weak man- 
dibles, which are toothed, seems adapted to only the lighter work of 
the colony, while the soldier, with its peculiar mandibles, is better 
adapted for heavy work or fighting. The queen resembles in some 
respects the small worker, in others the large one. ‘The characters of 
the queen which least resemble those of the small worker, become 
especially prominent in the soldier, which has, in addition, certain 
modifications of structure depending on the enormously developed 
mandibles. It seems that we have a case in harmony with the view of 
Emery (’94) and of Wheeler ( : 07>; :10), that the large workers resem- 
bling the queen were the primitive form, that the small workers were 
developed later as the result of gradual diminution in size, and that 
the intermediate forms then disappeared, leaving the extremes as two 
separate classes, and that in addition the large workers became enor- 
mously developed along certain lines. 

2. These forms, Camponotus and Pheidole, have been compared with 
each other for the purpose of discovering, if possible, whether there is 
any difference in the distribution of functions in the classes of the two 
genera. With this end in view a larger number of activities has 
been studied in each group than has hitherto been examined in any 
one species. Though it was found that artificial conditions made some 
difference in the proportion of active ants, there does not seem to be 
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much difference in respect to the sort of individuals which participate 
most in each occupation, for the results in this respect seem to agree 
fairly well for each species, whether studied in the laboratory or in the 
field. This statement must, of course, be understood as applying to 
such colonies only as have attained sufficient size to contain individ- 
uals of all classes. Furthermore, it was found in both Camponotus and 
Pheidole that in the small colonies which were used in the laboratory 
the larger ants did more work than they do in the field. This is prob- 
ably due to a reversion on their part to queen instincts (p. 464). It 
was found that in both genera the investigated activities of the classes 
generally overlap ; that is, the activities are not limited exclusively to 
one class, but probably all individuals share more or less in all ac- 
tivities. In general, however, there appears to be in certain activities 
a preponderance of large ants, and in certain others of small ones. For 
example, in Camponotus americanus the small individuals seem to be 
engaged especially in tending the young, the minors and intermediates 
together in building, the intermediates in foraging, and the majors in 
fighting. In C. pictus the minors are especially engaged in tending the 
young ; the intermediates in carrying food, in foraging, and in carrying 
other ants ; and the minors and intermediates together in regurgitat- 
ing (probably), in building, and in licking other ants. In Pheidole 
pilifera there is no intermediate class, but all these duties are per- 
formed by the small workers. Moreover, when, as occasionally happens, 
intermediates are found, they more often approximate the size of the 
small than the large workers, and even the shape of the head is not 
wholly like that of the soldiers. In Camponotus there is a slightly 
greater break between the functions of the majors and those of other 
ants than there is anywhere else in the worker series, though there is less 
difference in structure between the extremes than there is in Pheidole. 
Nor is there as much difference in behavior between the majors and 
minors of Camponotus as between those of Pheidole. It therefore 
seems as if the two classes of smaller individuals, the minors and inter- 
mediates, taken together, share in the work which in Pheidole is 
accomplished by the small ants. Again, the soldiers of Pheidole and 
the majors of Camponotus both seem to take a more active part in 
fighting than do the other workers of either genus. In some species of 
Pheidole, however, according to Wheeler (:02, p. 770), the soldiers 
are cowardly and not inclined to fight. Furthermore it has been 
established by Wheeler (1. c.) that in Pheidole the soldiers of some 
species prepare insect food, or grain, so that it may be carried home or 
eaten. I, also, have seen some evidence of this. The small workers, 
as I have shown, also undoubtedly share in this. It is seldom that 
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the soldiers of Pheidole are seen in the field, and when they are, they 
are usually idle. 

3. It was found in Camponotus americanus and I have no reason to 
doubt it is likewise true of the other species of this genus and of the 
species of Pheidole which I studied, and, indeed, for ants in general) that 
a few individuals were much more active than the others, not only in 
foraging, as was proved by Lubbock (’82) for certain species, but also 
in building and in tending the young; and these more active ants 
were not all of the same size. Moreover, some of them were about 
equally concerned in more than one activity. This is probably due 
to such individual psychical differences as those to which Escherich 
(: 06, p. 45) refers, and is in agreement with the statement of Fielde 
(:034, p. 621) that “a few individuals among ants do most of the 
work undertaken.” 

4. In both Camponotus and Pheidole, there were many more ants in 
the colony than were active at any one time. ‘This was true not only 
in artificial nests, but also, though to a less extent, in the field. Lub- 
bock (’82) found this limitation of activity to be very striking in his 
artificial nests of Formica fusca and Polyergus containing “the usual 
slaves,” though the numbers of ants in his colonies were much smaller 
than those in mine. The artificial conditions, which were unavoidable 
in such nests as either of us have used, must evidently be responsible 
for the very small number of ants which were active under these cir- 
cumstances, as compared with the conditions out of doors. But the 
proportion of active ants in my colonies was much larger than in his. 
Although it was found that the proportion of individuals which were 
active in natural nests was much greater than in the artificial nests of 
the laboratory, nevertheless, when compared with the size of the whole 
colony, the number is surprisingly small even in the natural nests. In 
Camponotus it is, to judge from my own observations, somewhat smaller 
than in Pheidole. 

It was also found that the number of individuals which are active in 
a colony is not closely correlated with the whole number in the colony, 
for often more ants are found to be active in a very siaall colony than 
in one slightly larger. It is certain, however, that if a very large and 
a very small colony are compared, the large colony will be found to 
have many more individuals at work than the small one. 

5. In regard to the kind of work done by individuals at different 
ages, it may be said that my studies on C. herculeanus pictus confirm the 
statements of Forel (’74, p. 262), Peréz (:00, p. 769), Wheeler (:07, 
p. 87), and others, that ants when they emerge from the pupal state 
attend especially to nursing and somewhat to other duties within the 
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nest, but that they do not go into the field until they have nearly 
reached their darkest color, and that they do not fight until they have 
completely attained that condition. It has been stated by Fielde 
(:03°, p. 321) that if ants from different colonies, even of different 
species, are placed together within twelve hours after hatching, and if 
they touch all the other ants with their antennae during the three days 
following, they will live together peaceably. She further states (Fielde, 
:02, p. 541) that before an ant is five days old it has all its reflexes de- 
termined. The fact that ants when very young do not fight at all 
would account for the possibility of forming mixed colonies, as just 
described. Probably by the time their fighting instincts are developed, 
they have become so used to one another that they have no inclination 
to fight. The same would probably also be true of ants emerging from 
the pupal state under similar conditions in out-door colonies. 

6. Some attention was paid to the kinds of activity in which the 
queens of colonies of various sizes engaged, in order that queens and 
workers might be compared. While the queens of those species of 
Camponotus which were studied are capable of bringing up colonies 
and of doing all the work necessary for this, it was found that in large 
colonies they commonly serve merely as egg-layers, except possibly in 
time of danger; but in small colonies, even in those which are of suffi- 
cient age to contain workers of all sizes, their instincts occasionally 
cause them to revert to other occupations, and to share in such activi- 
ties as building and tending the young. Indeed, Wheeler (:04®, p. 156) 
found a queen of Colobopsis guarding the entrances of the nest, and 
says (:03°, p. 45), “So far as I was able to observe, both the virgin and 
the deiilated females of Leptothorax behaved in all respects like the 
workers,” and, “it should also be noted that in artificial nests consist- 
ing exclusively of female Myrmicas and Leptothorax colonies, the former 
behaved in nearly all respects like the workers.” In 7'rachymyrmex 
septentrionalis he (Wheeler, : 06°, p. 99) saw old, deilated females doing 
work, and he also reports (: 07%, p. 741) the same fact for Atta (Tra- 
chymyrmex) turrifex. McCook (’79, p. 148) states that the queen of 
Pogonomyrmex probably assists somewhat in the nursing of the young, 
and may contribute something of her strength to the extension of the 
formicary bounds. This reversion of the queen to her earlier occupa- 
tions seems to hold true not only for deilated individuals, which must 
work when founding a colony, but also for winged queens. That the 
work in the case of the latter is due to virgin instincts, seems probable 
from Wheeler’s statements (:06*). The deiilated and winged queens 
do not seem to differ in respect to those activities which were noted. 
Possibly if I had used some such species as ormica consocians ( Wheeler, 
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:04> ; :05%, p. 5), the group of which Formica rufa is the centre (Wheeler, 
:05>), or Polyergus (Wheeler, : 06%, p. 3), —— where the queen cannot 
bring up her first brood, but must depend for that on ants of another 
species, — the queens would not have been found engaged in any work ; 
but Wheeler (:08*, p. 65) makes the statement that even queens which 
cannot bring up their first brood show threptic instincts. The essen- 
tial réle of the queen, however, even in Camponotus herculeanus pictus 
and C. americanus, seems to be egg-laying rather than attending to 
any other duties, and she is, in consequence, rather passive, and is 
never found outside the nest except at the time of swarming. I had 
no opportunity to study the queen of Pheidole pilifera, for I have 
never seen a queen of this species outside the nest, and only once found 
one in the ground. They seem to be very timid and shy, and I have 
no reason to think that they take an active part in the work of the 
nest, even though, according to Wheeler (: 02, p. 768), they can found 
their own colonies. 

7. In regard to the class or classes which do most of the work, it is 
noticeable that in both species of Camponotus the two smaller classes, 
and in all the species of Pheidole studied the small workers, predomi- 
nated in all the “household duties” and in foraging. Furthermore, 
they move with greater rapidity and seem in every way much more 
lively, except when a fight occurs. On the other hand, the large workers 
in both genera were relatively sluggish. When the nature of polymor- 
phism is considered, this seems to be most reasonable, for the large 
workers, especially in Camponotus, are much more like the queen in 
structure than are the small workers. Pricer (:08) has recently shown 
that in Camponotus, at any rate, the large workers make their appear- 
ance in a colony only slightly before the sexual forms, while the small 
workers appear as the first brood, and Wheeler (: 02) several years ago 
stated the same fact for Pheidole. As soon as this first brood has 
reached maturity, the queen gives over all the work to them, and there- 
after is even less active than the largest workers. But when a colony 
has reached sufficient size to produce large workers, there are more 
individuals than are needed to carry on the work, and the large indi- 
viduals, being less well adapted for the various occupations, come to 
take on not only the queen’s duties, some of them laying eggs, but also 
approach her in instinct, becoming less employed than the smaller 
workers. We have already seen that it is especially in times of danger 
that the queen’s instinct to work returns to her (Escherich, : 06, p. 45; 
Wheeler, : 05°, p. 271), and that she then becomes more active; or, if 
a queen is deprived of her first brood (Wheeler, :06*; : 10, p. 527), she 
begins to bring up another brood, precisely as in the first instance, pro- 
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vided her body still contains sufficient food-tissue. I find that the 
large workers and the soldiers resemble the queens in being active in 
time of danger, for then they come to the front and enter vigorously — 
in most species even more vigorously than the small workers — into 
the defence of the colony, and in small colonies they share more in the 
work. 

This passivity of the large workers, except in case of need, seems to 
be a valuable adaptation for the safety of the colony as a whole, in that 
there are thus always a certain number of well-adapted individuals 
which are ready to put all their efforts into the defence in a sudden 
emergency. ‘I'he other workers may be more or less spent by their oc- 
cupations, but the large workers, or soldiers, as the case may be, are 
continually fresh and ready for the fray. Another way in which this 
passivity on the part of the soldiers seems a profitable adaptation is in 
guarding, especially in such species as Colobopsis. Were the soldiers 
of a lively disposition, it would be impossible for them to remain for a 
long time quietly keeping their heads in the entrances of the nests, 
and hence a much larger number of individuals would be necessary to 
carry on this work. 

8. Males were never active in Camponotus, and none were found in 
Pheidole. 

9, All observers seem to agree, more or less completely, that feed- 
ing in the larval stage is in some way responsible for differences of 
classes in ants, the chief reasons for such a view being as follows: 
(a) Such differences have been shown to be the result of feeding in both 
bees and termites. (6) When a young queen ant of a species in which 
the workers are polymorphic establishes a colony, she necessarily rears 
her workers with a small amount of food; this first brood always con- 
sists of small individuals. (c) Poorly nourished larvae do not starve, 
but pupate and become small ants. As some organs begin to develop 
at one stage of larval growth and others at other stages, it follows that 
some organs are likely to become influenced by lack of food more than 
others. In ants provided with meagre nourishment, nutrition is often 
not sufficient to stimulate certain organs to develop at all. The con- 
sequent difference in structure results in the establishment of classes. 
This may be seen in cases where there .is a long series of intermediate 
forms, as well as in cases where the classes are more obviously separated 
from one another, for Wheeler (:02) has shown that there is less varia- 
tion in cases where there is not a plentiful food supply. He (Wheeler, 
:10, p. 106) also states that “the grossly mechanical withdrawal by 
parasites of food substances already assimilated by the larva produces 
changes of the same kind as those which distinguish the worker from 
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the queen.” (d) As Escherich (:06, p. 49) points out, if such great dif- 
ferences as exist between the queen and worker of Carebara had arisen 
suddenly (through mutation), unquestionably the destruction of the 
species would have taken place, for the small worker is naturally gov- 
erned by a wholly different sort of conduct from the queens, a wholly 
different manner of feeding, of building, ete. If in a colony of Colo- 
bopsis, according to Escherich, there had never been any transitional 
forms between the workers proper and the soldiers, the latter might 
not know how to work. 

There does not seem to be unanimity of opinion as to whether these 
differences are due to qualitative or quantitative changes in feeding. 
Emery is inclined to believe that qualitative feeding may play a con- 
siderable part, since it is known that this is the case in bees; but 
Forel ('95, :04*) thinks it is not safe to depend on this analogy, since it 
has not been proved — but only conjectured — that different forms of 
ants can be created by different qualities of food ; ants have, moreover, 
neither comb nor cells, such as bees have, but must make within their 
own crops the differentiation of such food as they give to the larvae. 
It seems to me that Forel’s argument need not necessarily hold, in- 
asmuch as there may be some specialization on the part of the ants 
whereby the larvae are furnished by regurgitation with food of different 
qualities. It is not impossible that a given ant may, at least for a cer- 
tain time, busy herself in feeding larvae which are to be raised as 
queens, while another is engaged in rearing a particular kind of worker, 
etc., or certain larvae may (Wheeler, :08*, p. 50; :10, p. 103) assimilate 
only certain kinds of food. These are, it is true, only speculative sug- 
gestions, for which there is at present no direct evidence, so far as | 
know. However, I am inclined to think that quantitative feeding may 
alone be sufficient to account for class distinctions, as the organs which 
tend to develop late may fail to receive sufficient nutriment before pu- 
pating and therefore fail to develop. Though Wheeler (:00*, pp. 27- 
28 ; :02; :10, pp. 104-107) urges that there is much ground for believ- 
ing it not only possible, but probable, that definite forms may arise 
from differences in feeding, he found (:00*) that in Ponerine ants the 
feeding habits were such as to make it improbable that a qualitative 
difference of food exists. Later he (Wheeler, :07>; :08*; :10) gave 
reasons for believing the differences of food to be quantitative rather 
than qualitative, but adds, “a direct causal connection between under 
feeding on the one hand and ontogenetic loss or development of char- 
acters on the other hand, has not been satisfactorily established.” 

Granting that some kind of food difference, probably quantitative, 
exists, there are three principal views in regard to the amount of influ- 
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ence it has. The view of Spencer ('94) and his followers is that any 
fertilized egg may develop into a queen or worker, or any modification 
of either, or any transitional stage between the two, merely by a differ- 
ence of feeding in the larval stage. ‘The larvae which pupate before 
reaching their maximum growth become workers, the others, queens ; 
and the several castes of workers are produced from larvae which pupate 
at different stages. 

Emery (94, 96, :04) and his followers go farther than this, claiming 
that the germ-plasm, being plastic, is capable of different degrees and 
kinds of development according to the stimuli (especially food) acting 
on the larvae. This peculiarity of the germ-plasm, which is laid down 
in every female egg, is somatogenic and not blastogenic, and is trans- 
mitted as an ability of germ-plasm to develop variously in the individ- 
ual according to the conditions. 

Finally, there are those who hold with Weismann (’92, pp. 455-497) 
that, since the queen and the workers are very different, the eggs pro- 
ducing them must contain in the germ-plasm a different ‘‘ determinant ” 
for each form. The stimulus which calls forth one or another of these 
forms seems to be difference of feeding in the larval state, but 
such feeding alone would not be a sufficient cause to produce such 
differences. | 

It seems to me that while feeding, probably only quantitative, is ef- 
fective in bringing about the various castes in a species, it is a stimulus 
rather than a cause, for certain structures of the workers and queens 
of some species show that morphologically the queen and worker of a 
given species vary independently of each other, and the same thing is 
true of distinct soldier and worker castes. ‘T'hese facts make it appear 
that, as Wheeler says, “‘ while adaptive characters in stature, sculpture, 
pilosity, and color must depend for their ontogenetic development on 
the nourishment of the larva, it is equally certain that they have. been 
acquired and fixed during the phylogeny of the species. In other 
words, nourishment, temperature, and other environmental factors 
merely furnish the conditions for their attainment of characters pre- 
determined by heredity.” Wheeler feels that we are therefore “ com- 
pelled to agree with Weismann that the characters that enable us to 
differentiate the castes must be somehow represented in the egg. We 
may grant this, however, without accepting his conception of repre- 
sentative units.” 

The worker characters are inherited, because the workers are capable 
of laying eggs (according to Wheeler, much more often than has been 
supposed), and these eggs develop into males, through which the 
worker characters are transmitted. 
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But the morphological is not the only point of view from which to 
regard this question. As has already been said (p. 429), polymorphism 
has been commonly attributed to a division of labor, and if this is so, 
it presupposes a difference of instinct among otherwise similar workers 
before structural differences arose. Such a physiological difference 
seems to be illustrated by the experiments of Lubbock on monomorphic 
forms, which have already been cited ; Wheeler (:10, p. 370), indeed, 
states that such a division of labor probably exists in various forms 
and degrees among all ants with monomorphic workers. Also, Figure 
19 (p. 464), based on the conditions in a graded series, seems to indi- 
cate something of the same kind, for here there seems to be a difference 
in activities not yet entirely correlated with size. 

Reichenbach (:08) maintains that the fundaments of all the instincts 
must be present in each ant egg ; if the offspring is a male, the female 
instincts do not mature. Wheeler (:06*) states that most, if not 
all, of the characters of the worker are quantitatively, but not quali- 
tatively, different from those of the queen ; i. e. the worker does not 
differ from the queen as a mutant, but as a fluctuating variant, 
which has been produced by imperfect feeding in the larval stages. 
The same idea is again suggested by him (Wheeler, :06) when he says 
that the queen is the epitome of the instincts of the ant colony, ete. 
According to the view of Weismann, that there must be “‘ determinants ” 
to cause the different castes of workers, it would be difficult to account 
for the fact that form and function are not more closely correlated, 
even in species like Pheidole pilifera, where morphologically the classes 
are very distinct. If, on the other hand, we substitute for “ determin- 
ants ’a different potentiality of the same germ-plasm to develop into any 
one of several forms, according to more or less favorable conditions, we 
should expect, what we have seen to be the case, that while there is a 
greater tendency for each class to perform certain duties, there is an 
overlapping of the functions. Each individual seems to have poten- 
tially an instinct to perform the duties even of those classes in which, 
owing to structural differences, we should not expect it to take part. 
As it is with the queen (when the workers which normally perform 
certain duties are present, she does not perform those duties), so it is, 
to a less extent, with the workers ; for though they do not take an equal 
part in the work to which another class is especially adapted, they do 
share in it to a certain extent, unless physically incapacitated. We 
may say, then, that while there are some differences in the duties of 
the different classes of workers and of the queen, all female ants have 
an instinct — which may become more or less latent — to perform all 
the duties of the colony ; while the male, coming from an egg which is 
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potentially different, is distinguished from all the female forms in 
structure and in those instincts which undergo development. 


VIII. Summary. 


The conclusions for certain parts of this paper have already been 
given, and need only to be referred to here. Those on Polymorphism 
have not been summarized ; they are stated for Camponotus on pp. 432- 
438, for Pheidole on pp. 438-440; the summaries are to be found as 
follows: Camponotus americanus (pp. 464, 465); Camponotus hercu- 
leanus pictus (pp. 473, 474); Pheidole yilifera (pp. 488, 489) ; Pheidole 
dentata (p. 490); Pheidole vinelandica (pp. 490, 491). 

In addition to these conclusions, certain other facts have been 
established. 

1. Not only certain temperatures, but also increments of temperature 
are an effective stimulus for ants. 

2. The fact that callow ants do not fight, may account for the possi- 
bility of placing together young ants of different species to form mixed 
colonies. 

3. Large ants are more apt to share in the work of a very small than 
of a very large colony, showing in this respect a resemblance to the 
queen. 

4. It is natural that the large workers and the soldiers should be 
more sluggish in their activities and motions, since they more closely 
resemble the queen than do the small workers. 

5. This sluggishness is a valuable adaptation, in that there are thus 
always some ants which are not in an exhausted condition by reason 
of constant labors, and therefore are ready to defend the colony. 

6. Inactivity is also advantageous in such forms as Colobopsis, 
where guarding in one position for a long time would otherwise become 
irksome, and more individuals would be required to perform this work. 

7. In Pheidole, where intermediate classes have probably dropped 
out, the small ants perform all the duties which in Camponotus are 
done by the small and intermediate workers together. 

8. The overlapping of the duties of the different classes of ants is 
an additional reason for believing that the classes arise from eggs with 
a similar potentiality. 
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EXPLANATION OF PLATE 


All the figures were photographed by means of a Zeiss A* objective, giving 
a magnification of about 9 diameters. 


Fiaures 1-20. Heads of Camponotus herculeanus pictus. 


Figure 1 — Queen. 
Figures 2-20 — Workers. 
Figures 21-23 — Heads of Pheidole pilifera. 


FIGURE 21 — Queen. 
FIGURE 22 — Soldier. 
FigurE 23 — Minor worker. 


For further description see text pp. 435 ff., 438 ff. 
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